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Chapter Five
Abstract:
Food web ecology is concerned with the description of trophic interactions 
and energy flow in natural systems. The catalogue of highly resolved, complex food
webs has expanded in recent years. Much speculation has centred on general trends
and patterns between well-described webs from different geographical locations and 
a wide range of ecosystems. We are experiencing a global extinction crisis as a result
of climate change and human-induced alteration of natural habitats, with large
predators at high trophic levels in natural food webs particularly vulnerable. 
Currently missing in food web research is a detailed analysis of the consequences of
species extinction for spatially and temporally replicated food web structure and 
stability. Here, we established a series of large replicate mesocosms in a shallow 
subtidal benthic marine system. We maintained a core community of ten large
consumer species in each mesocosm, allowing complex food webs to develop
around this core community, through the mesh of the cages. We monitored key
descriptors of food web structure and stability every two months, showing that the
mesocosm food webs were highly similar. We ranked the ten large consumers 
according to the mean strength of their trophic interactions in the system. After a six
month period, we removed combinations of strong and weak interactors from the
core communities and continued to monitor food web structure and stability for the
remaining eight months of the experiment. Connectance, linkage density, and species
turnover dropped significantly as a result of the removal perturbations, suggesting a
reduction in stability of the mesocosm webs. Mean food chain length was also
reduced, indicating a drop in productivity, species diversity, and habitat
heterogeneity. Changes to the fractions of top and intermediate species led to an
alteration in the distribution of links throughout the food web. There was a
concentration of effects on species closest to the manipulated consumers along food 
chains of direct interaction and a dissipation of effects through longer chains of
indirect effects. There was no major distinction between the types of interaction
strength manipulation, with the loss of weak interactors affecting these food web 
properties in the same way as the loss of strong interactors. This may be as a result
of the highly connected nature of the manipulated consumers. The frequency
distribution of body mass and abundance remained unchanged as a result of the
interaction strength manipulations. There was a fine size-structuring to the 
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Chapter Five
mesocosm communities, with large-bodied species occurring at high trophic levels 
with low numerical and high biomass abundances, while small-bodied species 
occurred at low trophic levels with high numerical and low biomass abundances.
This pattern was unchanged, although somewhat weakened, by the interaction 
strength manipulations. This led to relatively robust patterns of large, rare predators
feeding on small, abundant prey, inverted trophic pyramids of body mass and 
biomass abundance, and trophic pyramids of numerical abundance. Body mass-
numerical abundance relationships exhibited shallow negative slopes typical of local 
communities, which had consequences for energy equivalence and the pattern of
interaction strength in the communities. Body mass-biomass abundance relationships
exhibited steep positive slopes, which had consequences for biomass equivalence
across trophic levels. This detailed analysis shows the importance of allometric 
relationships and size-structuring in natural communities, as a means of preserving
food web structure and integrity, in spite of large perturbations to the diversity, 
stability and productivity of the system.
Keywords: food web, body mass, abundance, interaction strength, strong and weak,
temporal and spatial, trivariate patterns, marine.
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Chapter Five
Introduction:
A food web is a diagrammatic representation of energy and materials flow
among organisms through a process of trophic interaction (Cohen et al. 1993a). 
Connectance webs have been a central organising concept in ecology since the late
1920‟s (Elton 1927), but they are restricted to simple presence/absence data on 
species and feeding links. Such webs are described by Pimm (1982) as caricatures of
nature, depicting binary relationships between species and missing much important
biology. For example, predators may change their diet seasonally and do not interact 
equally with all their prey, as patterns of structure and organisation place limitations
on the interactions that can take place. Attempts have been made to address these
shortcomings by incorporating a temporal analysis of food web structure (Warren
1989; Tavares-Cromar & Williams 1996; Thompson & Townsend 1999; Woodward
et al. 2005b), or by including more quantitative information about species, leading to
the development of so-called MN webs (Cohen et al. 2003; Jonsson et al. 2005;
Reuman & Cohen 2005; Woodward et al. 2005b). These MN webs include
descriptions of the body mass (M) and abundance (N) of the constituent species and 
facilitate an exploration of patterns between the trophic structure of the food web and
these two fundamental species traits. Such descriptions are a step closer to bringing 
the caricature to life and unravelling the complex web of interactions that contribute
to the functionality and stability of our natural ecosystems.
We are currently in the midst of a global extinction crisis, unparalleled in 
geological time (Pimm et al. 1995; Sala et al. 2000; Dirzo & Raven 2003; Pimm et
al. 2006; Worm et al. 2006). This crisis is driven by human transformation of the 
natural environment (Vitousek et al. 1997). Processes such as habitat loss,
fragmentation, overexploitation, and invasion have led to unprecedented levels of
species loss worldwide (Purvis et al. 2000; Fahrig 2003; Seabloom et al. 2006). 
Climate change is also irrevocably changing the structure and composition of our 
ecosystems, particularly as environmental warming erodes biodiversity at an
alarming rate (Petchey et al. 1999; Harrison 2000; Harmon et al. 2009). Top 
predators are especially vulnerable to human-induced disturbances on ecosystems 
(Petchey et al. 1999; Jackson et al. 2001; Duffy 2003). A temporal analysis of 
changes to MN food web structure, as a result of species loss at high trophic levels,
would facilitate an exploration of possible secondary extinctions (Borrvall & 
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Chapter Five
Ebenman 2006) and detrimental effects on ecosystem structure and stability (Worm 
& Duffy 2003).
Due to the complex nature of food web ecology, logistical restrictions
typically limit the study of food web patterns to one site at one geographical 
location. Comparisons can be made between food web patterns at different locations, 
but while the body of literature is growing all the time, we are still limited to a
handful of studies that adequately describe complex natural food webs to a sufficient 
resolution. Furthermore, the best described webs in the literature are spread across a
range of marine (Bascompte et al. 2005; Jacob et al. in Brose et al. 2005b), 
freshwater (Warren 1989; Martinez 1991; Jonsson et al. 2005; Woodward et al.
2005b), estuarine (Hall & Raffaelli 1991) and terrestrial systems (Polis 1991;
Reagan & Waide 1996; Memmott et al. 2000), often with very different study aims 
in mind. Combined with a lack of temporal replication, this prohibits an in depth
analysis of the likely consequences of realistic scenarios of extinction from these
food webs. Even fewer food web studies have explicitly tested the impact of species 
loss on food web patterns (but see Jonsson et al. 2005). Thus, our aim in this study
was to carry out a detailed exploration of the consequences of high trophic level 
extinction for the structural properties of benthic marine food webs. We aspired to 
achieve this through the use of an experimental setup, which facilitated spatial and
temporal replication of small, yet complex mesocosm food webs.
Our goal was to first establish replicate shallow-water marine benthic
communities in 24 separate mesocosms in situ at a sheltered sea lough. Each
mesocosm consisted of a core community of ten large predators, which would be
maintained or manipulated throughout the experiment, and formed the highest
trophic positions in the community. Natural recruitment through the mesh of the
cages allowed complex communities of benthic invertebrates to build up the food 
web around this core community. Regular monitoring allowed us to formulate the 
structure of each mesocosm food web at several points in time, along with 
information on the average body size and abundance of each species present in the
webs. Removal of our large manipulated predators from subsets of the communities
then allowed us to investigate the impact of species loss on the structure of the 
mesocosm food webs over the remainder of the experiment. This unique 
experimental approach enabled us to explicitly test for common patterns and changes 
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Chapter Five
in our replicate food webs and link them to the quality and extent of our targeted 
extinctions from the communities.
There is a wide range of food web metrics available to act as indicators of
food web integrity or degradation (see Methods for detailed explanations). 
Connectance and linkage density illustrate the degree of reticulation in a community,
and have been related to the stability of a system, e.g. as connectance increases,
communities have been shown to be more robust to secondary extinctions (Dunne et
al. 2002). Species diversity has been linked to sustainable ecosystem process rates 
(Loreau et al. 2001), while species turnover can explain the resistance of a
community to species invasions and/or extinctions (O'Gorman & Emmerson 2009). 
The mean length of food chains describe the resource availability and habitat
heterogeneity of a system (Kaunzinger & Morin 1998; Post et al. 2000b). The
fractions of top, intermediate, and basal species, and the distribution of links between 
these groups, characterise the flow of energy and concentrations of direct 
interactions in various compartments of a food web (Havens 1992; Schmid-Araya et 
al. 2002). These parameters can be estimated in our intact communities and
compared to existing food web studies, therefore enabling us to quantify the effect of
our removal perturbations on the food webs in this study.
Patterns of body mass within the experimental food webs will also reveal 
much about the changing structure of the mesocosm food webs in response to the 
manipulations. Body mass is linked to biological rates such as growth, respiration, 
reproduction, and mortality (Kleiber 1947; Peters 1983; Brown & Gillooly 2003)
and hence is fundamental to our understanding of dynamic biological systems. 
Distributions of body mass in natural communities are expected to be skewed 
towards many small and few large individuals (Elton 1927). This pyramid of
numbers has important consequences for resource partitioning (Hutchinson 1957; 
Schoener 1974b). Changes to predator and prey body mass may also have
implications for the strength of trophic interactions (Jonsson & Ebenman 1998;
Emmerson & Raffaelli 2004; Brose et al. 2006b), which are known to be vitally
important for the stability of food webs (McCann et al. 1998; Neutel et al. 2002;
O'Gorman & Emmerson 2009). Body mass scales with abundance in such a way that 
suggests an energy equivalence across species populations (Damuth 1981, 1987). 
The biomass of a species is also thought to be independent of its body size, leading 
to biomass equivalence across different trophic levels (Rinaldo et al. 2002; Brown &
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Chapter Five
Gillooly 2003). A disruption in the patterns of body mass and/or abundance could 
have detrimental effects on community structure and functioning.
By examining a number of bivariate relationships, we could test the
robustness of body mass and abundance patterns in our food webs to the extinction
of high trophic level species. Such relationships include the correlation between 
predator and prey body size. If there is no such relationship, we might expect the 
data points in a plot of predator M against prey M to be distributed at random. 
Alternatively, if predators typically feed on smaller prey, we would expect to find a
significantly higher than random proportion of data points in the upper left triangle 
of these plots (see Warren & Lawton 1987; Cohen et al. 1993b). If predators are
larger than their prey, we would also expect body size to increase with trophic
height, most likely in a loglinear relationship (see Jennings et al. 2001; Woodward &
Hildrew 2002; Jonsson et al. 2005). Such a pattern might also lead to an inverted 
trophic pyramid of body mass in the system, with total body mass increasing at each
discrete trophic level (see Elton 1927). Similar patterns can also be investigated for
numerical and biomass abundance. Based on early observations (Elton 1927; 
Hutchinson 1957), we would expect predators to be less numerically abundant than 
their prey (i.e. a significantly greater than random proportion of data points in the
lower right triangle of a plot of predator versus prey numerical abundance). We
would also expect numerical abundance to decrease with trophic height and total
numerical abundance to decrease at each discrete trophic level.
The relationships involving biomass abundance are more uncertain. Since
biomass abundance, BA, is the product of body mass, M, and numerical abundance,
NA (B = M × NA), the bivariate relationships above will depend on how body mass 
scales with abundance. The slope of body mass-abundance relationships in nature
are often thought to lie between -0.75 and -1.1 (Damuth 1981; Cyr et al. 1997;
Brown & Gillooly 2003; but see Blackburn & Gaston 1997). A body mass-
abundance slope of -1 would imply that biomass is independent of body mass (if NA
-1 -1 1 0M , then BA = M × M = M ) and we would expect no relationship between
predator and prey biomass abundance or between biomass abundance and trophic
height (and a body mass-biomass abundance relationship with a slope of 0). A slope 
greater than -1, i.e. less negative, should lead to predators feeding on a lower
biomass abundance of prey and an increase in biomass abundance with trophic 
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Chapter Five
height. A slope less than -1, i.e. more negative, should lead to predators feeding on a
higher biomass abundance of prey and a decrease in biomass abundance with trophic 
height. These relationships will have important consequences for energy flow in the 
food webs.
Lastly, recent advances in food web ecology have shown the existence of so-
called trivariate patterns in some aquatic food webs (Jonsson et al. 2005; Woodward
et al. 2005b). The communities in these studies are punctuated by clear size-
structuring, which is revealed through the simultaneous exploration of the 
relationship between body mass, abundance, and trophic height. Large-bodied
species occur at high trophic levels and at low numerical abundance, while small-
bodied species occur at low trophic levels and at high numerical abundance. An
exploration of trivariate patterns in this study will also reveal the extent of size-
structuring in our mesocosm communities. Thus, we will employ a wide range of
metrics and explore many different patterns to quantify the structural properties of
our mesocosm food webs and assess the impact of the proposed species removals on 
the integrity of this food web structure.
Methods:
Natural history
The chosen study site was Lough Hyne, a highly sheltered, yet fully marine sea
lough, situated in County Cork, southwest Ireland (51˚30‟ N, 9˚18‟ W; see Figure 1 
for an overview of the Lough, with key features labelled). It was designated
Europe‟s first marine nature reserve in 1981. Lough Hyne is approximately 1km
long and 0.6km wide. It consists of a north and south basin (both approximately 20m 
in depth), connected by a deeper Western Trough (approximately 50m deep). The
Lough opens out to the Atlantic Ocean in the south via a long, narrow inlet called
Barloge Creek. A narrow constriction, known as the Rapids, regulates the water flow
between the Lough and Barloge Creek. This narrow constriction results in an 
asymmetric tide, with ebb flow lasting twice as long as flood. In addition, the tidal
range of the Lough is little over 1m (Renouf 1931), while it has a long flushing time
of 41 days due to reduced flow rates (Johnson et al. 1995). Water temperatures also
tend to be higher inside the reserve during the summer months, compared to the
adjacent coastline (Rawlinson et al. 2004), contributing to an oxy-thermocline in the
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Location of caging experiment
The Rapids
Barloge Creek
Open ocean
South Basin
North Basin
Western Trough
Castle Island
Figure 1. Map of Lough Hyne, showing the location of the caging experiment on the 
south shoreline and other main features. The highly sheltered nature of the Lough is
also clearly visible, with only a narrow body of water connecting it to the sea
(Barloge Creek).
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Chapter Five
deep Western Trough (McAllen et al. 2009). In spite of these anomalies, Lough
Hyne contains a rich biodiversity within its small area, with algal (Rees 1935), 
planktonic (Holmes & O'Connor 1990), intertidal (Little 1990), and fish (Minchin
1987; Rogers 1990) communities representative of British and Irish coastlines. As 
such, Lough Hyne is an ideal system for ecological studies and explorations, which 
can be generalised to represent temperate east Atlantic communities. This is reflected
in the substantial catalogue of scientific publications relating to the area (see Wilson
1984 for a compilation).
Experimental communities
Lough Hyne is a relatively small sea lough, but the diversity of flora and fauna
found within is vast. Rather than attempt to describe the entire Lough Hyne food 
web, we chose to examine one compartment of this web in a controlled, yet semi-
natural experimental setting. To that end, we established a series of 24 mesocosm
cages in the shallow subtidal, on the south shoreline of the Lough (see Figure 1).
Each mesocosm consisted of a large cylindrical skeletal structure, made from two
polypropylene rings (0.76m in diameter), connected together with six evenly spaced
polypropylene struts (0.5m tall). Polyethylene netting (5mm mesh size) was attached
to this structure to complete the exclusion cages, which had a benthic surface area of
0.45m2. See Appendix A for photographs of the mesocosms. We chose ten abundant 
benthic species (comprising fish, decapods and echinoderms) that we aimed to
manipulate and control as the largest species in the food webs. The species used
were black goby (Gobius niger), rock goby (Gobius paganellus), sea scorpion
(Taurulus bubalis), shore rockling (Gaidropsarus mediterraneus), goldsinny wrasse
(Ctenolabrus rupestris), shore crab (Carcinus maenas), velvet swimming crab
(Necora puber), common prawn (Palaemon serratus), spiny starfish (Marthasterias
glacialis), and purple sea urchin (Paracentrotus lividus). Importantly, all of these
species are locally common in Lough Hyne, reaching densities in the shallow
subtidal during summer months that closely approximate the densities reached in our 
mesocosms, i.e. 1 individual per 0.45m2 (Costello 1992; Crook et al. 2000; Verling
et al. 2003; Yvon-Durocher et al. 2008).
At the outset of our experiment, we covered the bottom of each cage with 
clean, stony substrate and added one individual from each of these ten species to our 
exclusion cages before sealing the lids. The weight of substrate in the cages was
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sufficient to keep them in position in the shallow subtidal for the duration of the
experiment. The mesh size of the mesocosms was sufficiently small to contain the
manipulated species, whilst allowing small benthic invertebrates and fish to recruit 
naturally into the cages. Our aims were to: (1) maintain the ten manipulated species 
in all mesocosm communities for six months, by replacing any individuals that died; 
(2) introduce a series of perturbations, by removing manipulated species from 
subsets of the communities and, again, maintain the number of individuals by
replacement (if necessary) over the remaining eight months of the experiment; (3)
monitor the food web that developed in each experimental mesocosm bimonthly for 
the 14 month duration of the experiment.
Experimental design
The experiment began on 5th October 2006. We arranged our mesocosms into
four blocks of six, to facilitate the manipulation phase of the experiment after six 
months. Two of these blocks were positioned in the shallow subtidal at 1m depth 
(low spring tide) and the remaining two blocks were placed at 2m depth (low spring 
tide). For the first six months of the experiment, all 24 cages contained identical core
communities, consisting of the ten manipulated species detailed above. After six
months, some of the manipulated species were removed based on the mean strength 
of their trophic interactions with the benthic invertebrate community typically found
in the mesocosm cages. A previous study carried out at Lough Hyne ranked these ten 
species according to the mean absolute strength of their interactions (see O'Gorman
& Emmerson 2009). This ranking can be seen in Figure 2. We employed six
treatments in this phase of the experiment: (1) 10 species community (W+S+), i.e. an
-2S+intact community; (2) two weakest interactors removed (W ); (3) three weakest 
interactors removed (W-3S+); (4) two strongest interactors removed (W+S-2); (5) three
strongest interactors removed (W+S-3); (6) all strong and weak interactors removed, 
S-i.e. only intermediate interactors remaining (W - ). These six treatments were
randomly assigned within each of the four blocks.
Food web sampling
We sampled the sessile benthic invertebrate community in the mesocosm cages
using settlement panels. These panels consisted of 100mm × 100mm PVC squares, 
which are ideal for quantifying sessile species such as sponges, bryozoans and 
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Figure 2. Categorisation of the ten manipulated species as strong and weak
interactors. The manipulated species are ranked according to their mean absolute net
effect (± SE), measured using the dynamic index (see O'Gorman & Emmerson 2009 
for a more detailed description of this ranking). The three strongest and weakest
interactors were chosen for manipulation in the experiment.
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calcareous polychaetes (Watson & Barnes 2004). We sampled the mobile benthic
invertebrate community in the cages using nylon pot scourers. The pot scourers have
an approximate radius of 40mm and represent a passive sampling device, obtaining a
manageable subsample of invertebrates from the stony substrate in the cages. The
network of gaps in the pot scourers simulates the form and structure of coralline 
algae prevalent in the study area and they are ideal for quantifying mobile species
such as amphipods, isopods, and gastropods (Underwood & Chapman 2006;
O'Gorman et al. 2008). See Appendix A for photographs of these two sampling
substrates. We calculated the numerical abundance of every species identified on 
these two substrates and from this estimated density per m2. We also measured the
length of every individual identified (n = 228,163) and estimated its corresponding 
body mass using length-weight relationships defined for the study system (see Table
S1 in Appendix B). We also noted that two small fish species (two-spot goby,
Gobiusculus flavescens, and painted goby, Pomatoschistus pictus) were able to pass 
through the small mesh size of the cages. We used existing data to estimate the mean
body size and abundance of these two fish species along the south shoreline of the
Lough (O'Gorman et al. 2008; O'Gorman & Emmerson 2009). We also measured the
body size of the manipulated species at each sampling session. Measuring the
density or body mass of resources such as algae, CPOM, FPOM, and diatoms was
problematic. Therefore, we did not take any such measurements for the basal 
resources.
Food web construction
We used a combination of gut content analysis and intensive literature research
to establish the food web structure of the benthic cages. Gut content analysis was 
carried out on the larger predators in the cages, i.e. manipulated species and the two
small gobies. The gut content analysis was also supplemented with information on 
the diets of these species from studies carried out at Lough Hyne (see Appendix C).
Due to the small body size and difficulty identifying the guts of benthic
invertebrates, the remaining links were reviewed from the literature. Information 
from Lough Hyne was not available for the diets of many of the benthic invertebrate 
species identified in the study. Accordingly, we compiled data from more than 200 
publications (peer reviewed journals and books) using the approach of Martinez
(1991). Here, a direct feeding link was assigned to any pair of species A and B
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within the benthic cages, whenever investigators from two or more publications 
reported that A is likely to consume B in a given year. This criterion was maintained 
throughout construction of the web and restricted the inclusion of prey links that may
have occurred through passive consumption (see Appendix D for a list of literature
used to assign benthic invertebrate feeding links). It should be noted that these webs
describe the possible interactions between predators and prey, but we cannot confirm 
if these interactions actually take place in the experiments (see Hall & Raffaelli 1996
for caveats of literature-based food webs). A composite web, containing predator-
prey links between all species identified in the mesocosm experiments (including the
study that calculated the mean absolute strength of the manipulated species‟
interactions (O'Gorman & Emmerson 2009)) is shown in Figure 3. Species names 
corresponding to the numbers in Figure 3 may be found in Table S2 in Appendix B. 
All subsequent food webs in this study were drawn from this composite web.
Univariate patterns
We quantified the food web structure for each replicate mesocosm at each of
six different sampling sessions, i.e. we quantified 6 treatments × 4 replicates × 6 
sampling sessions = 144 mesocosm food webs in the study (see Appendix E for
details of the 144 webs). For every food web described, we quantified a number of
food web metrics. The connectance (C) of a food web was measured as 2L / (S2-S),
where S is the species richness and L is the number of trophic links in the web, i.e. 
the actual number of links divided by the total number of possible links. The linkage
density (LD) of a food web was measured as L/S. The Shannon index (H) was used
to measure the species diversity of each food web. Whittaker‟s index of beta
diversity (βw) was used to measure the turnover of species in a given replicate food
web between consecutive sampling sessions. βw was measured as (s/α)-1, where s is 
the total number of species in a replicate food web over two consecutive sampling
sessions and α is the average species richness of the two webs. We also calculated
the mean food chain length (FCL), the proportion of top (T), intermediate (I), and
basal (B) species, as well as the proportion of basal to intermediate (B-I), basal to top
(B-T), intermediate to intermediate (I-I), intermediate to top (I-T), and cannibalistic
(Ca) links in each food web.
Three of the sampling sessions took place before the food web manipulations
(i.e. pre-manipulation) and three of the sampling sessions took place after the food
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Figure 3. Composite mesocosm food web, showing all possible species interactions
in the caging experiments (including the experiment that categorised the manipulated
species as strong or weak interactors). A list of species names that correspond to the
codes shown in the figure can be found in Table S2 of Appendix B.
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web manipulations (i.e. post-manipulation). Consequently, we split our analysis of
food web structure to examine responses pre- and post-manipulation. Since we are
measuring the same communities through time, we employed a repeated measures
design to analyse the data (Underwood 1997). There were three repeated 
measurements pre-manipulation (Dec 2006, Feb 2007 and Apr 2007) and three
repeated measurements post-manipulation (Jun 2007, Aug 2007 and Dec 2007). We
used a general linear model (GLM) to analyse the data, with C, LD, H, βw, and FCL
as response variables. This analysis corresponded to a fully factorial two-way
ANOVA for repeated measures, including the main effects and interaction terms for 
presence/absence of strong interactors and presence/absence of weak interactors,
with the addition of a single main effect term for block. To analyse the data in a
S+ -2 -2balanced statistical design, we carried out one GLM on W+ , W S+, W+S , and 
W-S- -3 -3and one GLM on W+S+, W S+, W+S , and W -S-. This approach allowed us to
investigate whether effects were consistent for the removal of both two and three
strong or weak interactors. We could not normalise the proportional data using an
arcsine transformation. Consequently, we employed a generalized linear mixed
model (GLMM) approach to analyse these data, where we specified our repeated 
measure (season) as a random effect and fitted a binomial distribution to the model.
We analysed T, I, B, B-I, B-T, I-I, I-T, and Ca in this manner, examining responses 
pre- and post-manipulation, as before.
The body size (M) of a species was measured as the average species dry
weight in mg. The numerical abundance (NA) of a species was measured as the
average number of individuals per m2. The biomass abundance (BA) of a species was
measured as M × NA in units of mg m-2. The chain-averaged trophic height (TH) was
measured as the average trophic position of a species in all food chains of which it is
a part. We examined the frequency distribution of log M, log NA, and log BA. We
also examined the relationships between log M, log NA, and log BA and the rank in
log M, log NA, and log BA, respectively. To simplify this analysis, we obtained the 
average M, NA, BA, and TH for the composite webs shown in Figure 4 (see
Appendix F for a list of species, with TH and the number of trophic links (TL) for
each web), i.e. we averaged across the 12 webs (3 sampling sessions × 4 replicates)
that constituted each composite web. This reduced the comparison of the 
aforementioned univariate (and all subsequent) relationships to a total of 12
composite webs, rather than all 144 webs. Thus, we compared the composite webs
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Figure 4i. Composite mesocosm food webs, showing the food web structure of the 
six treatments, before and after the interaction strength manipulations took place
(Figure and legend continued on the next page).
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Figure 4ii. Blue nodes are species common to a treatment web, pre- and post-
manipulation. Red nodes indicate species which were unique to a treatment web. A
list of species that were present in each composite web can be found in Appendix F.
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Chapter Five
for each of the six treatments pre-manipulation to the composite webs for each
treatment post-manipulation.
Bivariate and trivariate patterns
We also investigated the bivariate and trivariate patterns of the composite
food webs for each treatment, searching for changes in each treatment as a result of
the interaction strength manipulations. Here, we examined the predator-prey
allometry of each composite web, by plotting predator M, NA, and BA against prey
M, NA, and BA. We examined the relationship between body size and abundance
(log M v log NA and log BA) and the trophic pyramids for each composite web, i.e. 
by looking at the total M, NA, and BA at each discrete trophic level. Discrete trophic 
levels were assigned by rounding trophic heights up to the nearest whole number.
Trivariate plots, following the approach of Jonsson et al. (2005), show the 
relationship between body size, abundance (NA and BA), and trophic height. Such
plots give a unique insight into the relationship between these three food web
parameters, as well as showing the pattern of the bivariate relationships between log 
M, log NA, log BA, and TH.
Results:
Univariate patterns
There was no significant difference in food web connectance between any of
the treatments before the interaction strength manipulations took place (Figure 5A-B; 
Table 1a.i), although there was a main effect of block in the two species removal 
analysis (F3,9 = 4.091, p = 0.044) (note that the removals have not yet taken place in 
the pre-manipulation phase). This implies that connectance varied between some of
the experimental blocks, but because our six treatments were randomly assigned 
within each block, this effect would have been consistent across all treatments. After
the interaction strength manipulations had been initiated, the removal of two or three
strong or weak interactors led to a significant reduction in the connectance of the
experimental food webs (Figure 5A-B; Table 1a.ii).
There was no significant difference in linkage density between any of the
treatments pre-manipulation (Figure 5C-D; Table 1b.i). There were very clear effects 
on linkage density after the interaction strength manipulations were initiated. Here,
142
 
   
  
Chapter Five
143
 
   
 
     
   
      
    
       
        
 
Chapter Five
0.20
0.25
C
o
n
n
e
c
ta
n
c
e
0.10
0.15
0.30
6.5
7.5
5.0
6.0
8.0
7.0
5.5
D
ec
 0
6
Fe
b 
07
A
pr
 0
7
Ju
n 
07
A
ug
 0
7
O
ct
 0
7
D
ec
 0
7
L
in
k
a
g
e
 d
e
n
s
it
y
D
ec
 0
6
Fe
b 
07
A
pr
 0
7
Ju
n 
07
A
ug
 0
7
O
ct
 0
7
D
ec
 0
7
Pre-manipulation Post-manipulation Pre-manipulation Post-manipulation
Pre-manipulation Post-manipulation Pre-manipulation Post-manipulation
W+ S+
W-2 S+
W+ S-2
W- S-
W+ S+
W-3 S+
W+ S-3
W- S-
W+ S+
W-2 S+
W+ S-2
W- S-
W+ S+
W-3 S+
W+ S-3
W- S-
A B
C D
C
o
n
n
e
c
ta
n
c
e
L
in
k
a
g
e
 d
e
n
s
it
y
Figure 5. Effect of the interaction strength manipulations on the (A-B) connectance
and (C-D) linkage density of the mesocosm food webs (± SE). Three of the food web
sampling sessions took place pre-manipulation, with three more post-manipulation.
In the key, W+S+ = an intact community; W-2S+ = two weakest interactors removed; 
W-3S+ = three weakest interactors removed; W+S-2 = two strongest interactors
removed; W+S-3 = three strongest interactors removed and; W -S- = all strong and
weak interactors removed.
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Table 1. F statistics and p values for the GLM models performed on a range of
metrics, measured for each of the 144 experimental food webs.
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the removal of two or three strong or weak interactors led to a highly significant
reduction in the linkage density of the experimental food webs post-manipulation
(Figure 5C-D; Table 1b.ii). The greatest reduction in linkage density occurred when
all strong and weak interactors were removed (strong × weak: F1,9 = 14.173, p = 
0.004).
There was no significant difference in Shannon diversity (Figure 6A-B; Table 
1c.i) or species turnover (measured as Whittaker‟s index of beta diversity) (Figure
6C-D; Table 1d.i) between any of the treatments pre-manipulation. There were
inconsistent effects on both measures of diversity post-manipulation. Here, the
removal of two weak interactors and three strong interactors reduced the Shannon
diversity of the experimental food webs (Figure 6A-B; Table 1c.ii). The removal of
two strong interactors and three weak interactors also reduced the species turnover of
the experimental food webs (Figure 6C-D; Table 1d.ii).
There is a suggestion that there may be some differences between treatments 
pre-manipulation when we analyse the mean food chain length. Here, the treatment 
that would later have two strong interactors removed once the interaction strength
manipulations were initiated had a significantly shorter mean food chain length
(Figure 6E; Table 1e.i). In spite of this possible pre-manipulation effect, the dramatic
reduction in the mean food chain length post-manipulation is particularly clear. Here,
the removal of two or three strong or weak interactors led to a significant reduction 
in the mean food chain length (Figure 6E-F; Table 1e.ii), with the strongest effects
occurring when all strong and weak interactors were removed (strong × weak: F1,9 = 
142.552, p < 0.001).
There was no significant difference in the proportion of top (Figure 7A-B; 
Table 2a.i), intermediate (Figure 7C-D; Table 2b.i), or basal (Figure 7E-F; Table
2c.i) species between any of the treatments pre-manipulation. There was a significant
main effect of block in the three species analysis of the proportion of basal species (t
= 2.664, p = 0.011). Due to the randomisation of treatments within each block, this
effect should be consistent across all treatments. The removal of two or three strong 
or weak interactors led to a significant increase in the proportion of top species post-
manipulation (Figure 7A-B; Table 2a.ii). The removal of two or three strong or weak
interactors also led to a significant reduction in the proportion of intermediate
species post-manipulation (Figure 7C-D; Table 2b.ii). The greatest reduction in the 
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Figure 6. Effect of the interaction strength manipulations on the (A-B) Shannon 
diversity, (C-D) species turnover (measured as Whittaker‟s index of beta diversity),
and (E-F) mean food chain length of the mesocosm food webs (± SE). Three of the
food web sampling sessions took place pre-manipulation, with three more post-
W+S+ -2S+manipulation. In the key, = an intact community; W = two weakest
interactors removed; W-3S+ = three weakest interactors removed; W+S-2 = two
-3 S-strongest interactors removed; W+S = three strongest interactors removed and; W -
= all strong and weak interactors removed.
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Figure 7. Effect of the interaction strength manipulations on the proportion of (A-B) 
top, (C-D) intermediate, and (E-F) basal species in the mesocosm food webs (± SE).
Three of the food web sampling sessions took place pre-manipulation, with three
S+ -2S+ more post-manipulation. In the key, W+ = an intact community; W = two
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W-S- = all strong and weak interactors removed.
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Table 2. t statistics and p values for the GLMM models performed on a range of
metrics, measured for each of the 144 experimental food webs.
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proportion of intermediate species occurred when both strong and weak interactors
were removed (strong × weak: t = -2.666, p = 0.011). The removal of three strong
interactors also led to a significant increase in the proportion of basal species (Figure
7E-F; Table 2c.ii).
There was a significantly higher proportion of intermediate to intermediate 
links pre-manipulation in the treatment that would later have two strong interactors
removed (Figure 8F; Table 2f.i). This indicates the presence of possible pre-
manipulation differences in the distribution of links for this treatment. All other
treatments showed no significant difference in the distribution of links (Figure 8;
Table 2d.i-h.i). There was a significant main effect of block pre-manipulation in the 
three species analysis of the proportion of intermediate to top links (t = 2.112, p = 
0.041). There was also a significant main effect of block post-manipulation in the 
two (t = 2.703, p = 0.010) and three (t = 2.452, p = 0.019) species analysis of the
proportion of basal to top links. Again, the use of a randomised block design should
make this effect consistent across all treatments. The removal of two or three strong 
interactors led to a significant increase in the proportion of basal to intermediate
(Figure 8A-B; Table 2d.ii) and basal to top links (Figure 8C-D; Table 2e.ii), with the 
greatest increase occurring when all strong and weak interactors were removed
(strong × weak: t = 4.252, p < 0.001; and t = 4.201, p < 0.001, respectively). There
was also a significant increase in the proportion of intermediate to top links as a
result of the interaction strength manipulations (Figure 8G-H; Table 2g.ii), with the
greatest increase occurring when weak interactors were present without strong 
interactors (strong × weak: t = -14.069, p < 0.001). The removal of two or three
strong interactors led to a significant reduction in the proportion of intermediate to 
intermediate links post-manipulation (Figure 8E-F; Table 2f.ii). The greatest
reduction in the proportion of links occurred when all strong and weak interactors
were removed (strong × weak: t = 4.290, p < 0.001). The interaction strength 
manipulations had no significant effects on the proportion of cannibalistic links in 
the mesocosm food webs (Figure 8I-J; Table 2h.ii).
The frequency distribution of body mass was at least bi-modal for all
treatments, deviating significantly from a log-normal distribution both before and
after the interaction strength manipulations (Shapiro-Wilk, p < 0.001; dashed lines in 
Figure 9i). Pre-manipulation, there was a gap in the distribution for all six treatments 
(panels A, C, E, G, I and K in Figure 9i). Post-manipulation, this gap in the
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Figure 8i. Effect of the interaction strength manipulations on the proportion of (A-B) 
basal to intermediate, (C-D) basal to top, and (E-F) intermediate to intermediate
links in the mesocosm food webs (± SE). Three of the food web sampling sessions 
took place pre-manipulation, with three more post-manipulation. In the key, W+S+ = 
-2S+ -3S+ an intact community; W = two weakest interactors removed; W = three
-2 -3 weakest interactors removed; W+S = two strongest interactors removed; W+S = 
S-three strongest interactors removed and; W - = all strong and weak interactors
removed (Figure continued on the next page).
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Figure 8ii. Effect of the interaction strength manipulations on the proportion of
(G-H) intermediate to top and (I-J) cannibalistic links in the mesocosm food webs (±
SE). Three of the food web sampling sessions took place pre-manipulation, with 
S+ -2S+three more post-manipulation. In the key, W+ = an intact community; W = two
-3S+ -2 weakest interactors removed; W = three weakest interactors removed; W+S = 
two strongest interactors removed; W+S-3 = three strongest interactors removed and;
W-S- = all strong and weak interactors removed.
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Figure 9i. Log body size v rank in body size for the species in the composite
treatment webs shown in Figure 4. Rank goes from greatest to smallest. The solid
line is the expected relationship assuming a log-normal distribution and is produced
by drawing 10,000 values from a log-normal distribution with the same mean and
variance as the observed distribution of body size. The dashed line is the frequency
distribution of the number of species (top horizontal axis) by log body size. The
panels in each figure represent: (A-B) intact community; (C-D) two weak interactors
removed; (E-F) three weak interactors removed; (G-H) two strong interactors
removed; (I-J) three strong interactors removed; and (K-L) all strong and weak
interactors removed. Comparisons within a treatment are shown pre- and post-
manipulation (Figure continued on the next page).
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Figure 9ii. Log numerical abundance v rank in numerical abundance for the species
in the composite treatment webs shown in Figure 4. Rank goes from greatest to
smallest. The solid line is the expected relationship assuming a log-normal
distribution and is produced by drawing 10,000 values from a log-normal 
distribution with the same mean and variance as the observed distributions of
numerical abundance. The dashed line is the frequency distribution of the number of
species (top horizontal axis) by log numerical abundance. The panels in each figure
represent: (A-B) intact community; (C-D) two weak interactors removed; (E-F) three
weak interactors removed; (G-H) two strong interactors removed; (I-J) three strong 
interactors removed; and (K-L) all strong and weak interactors removed.
Comparisons within a treatment are shown pre- and post-manipulation (Figure
continued on the next page).
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Figure 9iii. Log biomass abundance v rank in biomass abundance for the species in 
the composite treatment webs shown in Figure 4. Rank goes from greatest to 
smallest. The solid line is the expected relationship assuming a log-normal
distribution and is produced by drawing 10,000 values from a log-normal 
distribution with the same mean and variance as the observed distributions of
biomass abundance. The dashed line is the frequency distribution of the number of
species (top horizontal axis) by log biomass abundance. The panels in each figure
represent: (A-B) intact community; (C-D) two weak interactors removed; (E-F) three
weak interactors removed; (G-H) two strong interactors removed; (I-J) three strong 
interactors removed; and (K-L) all strong and weak interactors removed.
Comparisons within a treatment are shown pre- and post-manipulation.
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distribution of body mass was bridged for all treatments (panels B, D, F, H, J and L
in Figure 9i). If the manipulated species and the two small gobies are excluded, the
benthic invertebrate community still differs significantly from a log-normal
distribution for all treatments, pre- and post-manipulation (Shapiro-Wilk, p < 0.015)
and appears to be right-skewed. We can also see the deviation from a log-normal 
distribution (for the whole community) in the relationship between body mass and 
rank in body size (solid line in all panels in Figure 9i). Here, a logarithmic model 
provided the best fit for all treatments, pre- and post-manipulation (r 2 > 0.94).
The frequency distribution of numerical abundance deviates significantly
from a log-normal distribution, with a clear gap in the distribution for all six 
treatments both before and after the interaction strength manipulations (Shapiro-
Wilk, p < 0.002; dashed lines in Figure 9ii). If the manipulated species and the two
small gobies are excluded, the benthic invertebrate community still differs 
significantly from a log-normal distribution for all treatments, pre- and post-
manipulation (Shapiro-Wilk, p < 0.001). We can also see the deviation from a log-
normal distribution (for the whole community) in the relationship between log 
numerical abundance and rank in numerical abundance (solid line in all panels in
Figure 9ii). Here, a linear model provides the best fit for all treatments, pre- and
post-manipulation (r 2 > 0.78).
The frequency distribution of biomass abundance deviates significantly from 
a log-normal distribution both before and after the interaction strength manipulations 
(Shapiro-Wilk, p < 0.014; dashed lines in Figure 9iii). If the manipulated species and
the two small gobies are excluded, the benthic invertebrate community still differs 
significantly from a log-normal distribution for almost all treatments, pre- and post-
manipulation (Shapiro-Wilk, p < 0.023). Post-manipulation, we cannot reject the null
hypothesis of a log-normal distribution of biomass abundance for the removal of
three weak interactors (p = 0.063) or removal of all strong and weak interactors (p = 
0.062). We can also see the deviation from a log-normal distribution (for the whole
community) in the relationship between log biomass abundance and rank in biomass 
abundance (solid line in all panels in Figure 9iii). Here, a logarithmic model provides 
the best fit for all treatments, pre- and post-manipulation (r 2 > 0.90).
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Chapter Five
Bivariate patterns
We first looked at the predator-prey allometry in the experimental food webs. 
We can see from Figure 10 that the experimental food webs are highly size-
structured. If a data point lies in the upper left triangles of Figure 10i, this represents 
a predator feeding on smaller prey. Over 96% of the predator-prey links in the pre-
manipulation webs and 89% of the predator-prey links in the post-manipulation webs 
were predators feeding on smaller prey. This represents a significantly higher
proportion of predators feeding on smaller prey for all treatments than would be
expected if the feeding links were distributed at random (proportion test, p < 0.001). 
There was a weak but significant correlation between predator and prey body mass 
in all treatments pre-manipulation. This correlation was not significant after the
removal of three strong interactors or all strong and weak interactors (Table 3i). In a
linear least squares regression of predator and prey body mass, the intercept was 
significantly different before and after the interaction strength manipulations for all
treatments, suggesting a seasonal effect on the relationship between predator and
prey body mass. The removal of all strong and weak interactors led to a significant
reduction in the slope of this relationship (Table 3i).
If a data point lies in the lower right triangles of Figure 10ii, this represents a
predator feeding on a more numerically abundant prey. Over 96% of the predator-
prey links in the pre-manipulation webs and 91% of the predator-prey links in the
post-manipulation webs were predators feeding on more numerically abundant prey.
This represents a significantly higher proportion of predators feeding on more
numerically abundant prey for all treatments than would be expected if the feeding 
links were distributed at random (proportion test, p < 0.001). There was a weak but 
significant correlation between predator and prey numerical abundance in all
treatments pre-manipulation. This correlation was unaffected by the interaction
strength manipulations (Table 3ii). In a linear least squares regression of predator
and prey numerical abundance, the removal of two or three weak interactors, three
strong interactors, or all strong and weak interactors led to a significant reduction in 
the intercept of this relationship. The interaction strength manipulations had no effect 
on the slope of this relationship (Table 3ii).
If a data point lies in the upper left triangles of Figure 10iii, this represents a
predator feeding on a lower biomass of prey. Over 93% of the predator-prey links in 
the pre-manipulation webs and 83% of the predator-prey links in the post-
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Figure 10i. Predator body size v prey body size. Data points in the upper triangle
represent predators consuming smaller prey. Numbers in brackets represent the 
percentage of predators that consume smaller prey. The panels in each figure
represent: (A-B) intact community; (C-D) two weak interactors removed; (E-F) three
weak interactors removed; (G-H) two strong interactors removed; (I-J) three strong 
interactors removed; and (K-L) all strong and weak interactors removed.
Comparisons within a treatment are shown pre- and post-manipulation (Figure
continued on the next page).
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Figure 10ii. Predator numerical abundance v prey numerical abundance. Data points
in the lower triangle represent predators consuming more numerically abundant prey.
Numbers in brackets represent the percentage of predators that consume more
numerically abundant prey. The panels in each figure represent: (A-B) intact 
community; (C-D) two weak interactors removed; (E-F) three weak interactors
removed; (G-H) two strong interactors removed; (I-J) three strong interactors
removed; and (K-L) all strong and weak interactors removed. Comparisons within a
treatment are shown pre- and post-manipulation (Figure continued on the next page).
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Figure 10iii. Predator biomass abundance v prey biomass abundance for the
predator-prey. Data points in the upper triangle represent predators with a greater
biomass than their prey. Numbers in brackets represent the percentage of predators
that have a greater biomass than their prey. The panels in each figure represent: (A-
B) intact community; (C-D) two weak interactors removed; (E-F) three weak
interactors removed; (G-H) two strong interactors removed; (I-J) three strong 
interactors removed; and (K-L) all strong and weak interactors removed.
Comparisons within a treatment are shown pre- and post-manipulation.
160
 
   
      
         
    
     
   
 
        
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
 
      
  
        
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
            
Chapter Five
Table 3i. Regressions and correlations between predator and prey body size for the 
six treatments. In the regression equation y = a + bx, a is the intercept and b is the
slope. P values indicate the significance of pre- and post-manipulation comparisons
of a and b. The correlation coefficient, r, and the significance of the correlation 
between predator and prey allometry, p, is also given, along with the number of 
predator-prey pairs, n.
(i) Treatment Manipulation a b r p n
W + S + pre 3.768 0.233 0.248 <0.001 440
post 3.248 0.178 0.140 0.001 535
p value <0.001 0.430
W -2 S + pre 3.791 0.214 0.226 <0.001 429
post 3.194 0.194 0.149 0.002 442
p value <0.001 0.787
W -3 S + pre 3.811 0.251 0.265 <0.001 443
post 3.013 0.181 0.124 0.009 445
p value <0.001 0.389
W + S -2 pre 3.827 0.236 0.254 <0.001 457
post 3.217 0.124 0.095 0.040 462
p value <0.001 0.127
W + S -3 pre 3.783 0.222 0.241 <0.001 440
post 3.079 0.127 0.094 0.057 409
p value <0.001 0.234
W - S - pre 3.830 0.244 0.264 <0.001 416
post 2.610 0.024 0.017 0.759 321
p value <0.001 0.016
Table 3ii. Regressions and correlations between predator and prey numerical
abundance for the six treatments. All other details are the same as in Table 3i. 
(ii) Treatment Manipulation a b r p n
W + S + pre 0.222 0.170 0.193 <0.001 440
post 0.364 0.178 0.192 <0.001 535
p value 0.290 0.900
W -2 S + pre 0.231 0.169 0.194 <0.001 429
post 0.534 0.149 0.144 0.002 442
p value 0.043 0.756
W -3 S + pre 0.188 0.194 0.212 <0.001 443
post 0.596 0.144 0.135 0.004 445
p value 0.010 0.452
W + S -2 pre 0.221 0.164 0.201 <0.001 457
post 0.498 0.135 0.130 0.005 462
p value 0.057 0.634
W + S -3 pre 0.218 0.169 0.197 <0.001 440
post 0.547 0.141 0.136 0.006 409
p value 0.036 0.662
- -W S pre 0.271 0.148 0.171 <0.001 416
post 0.690 0.151 0.134 0.016 321
p value 0.023 0.970
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Table 3iii. Regressions and correlations between predator and prey biomass 
abundance for the six treatments. All other details are the same as in Table 3i.
(iii) Treatment Manipulation a b r p n
W + S + pre 3.969 0.149 0.198 <0.001 440
post 3.837 0.055 0.058 0.179 535
p value 0.243 0.085
W -2 S + pre 4.067 0.117 0.153 0.002 429
post 3.832 0.081 0.089 0.063 442
p value 0.055 0.522
W -3 S + pre 4.021 0.152 0.205 <0.001 443
post 3.750 0.046 0.048 0.312 445
p value 0.028 0.063
W + S -2 pre 4.046 0.137 0.186 <0.001 457
post 3.931 0.016 0.020 0.670 462
p value 0.295 0.019
W + S -3 pre 4.008 0.142 0.192 <0.001 440
post 3.878 0.012 0.013 0.795 409
p value 0.307 0.021
- -W S pre 4.008 0.163 0.228 <0.001 416
post 3.740 -0.047 0.054 0.335 321
p value 0.039 <0.001
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Chapter Five
manipulation webs were predators feeding on a lower biomass of prey. This
represents a significantly higher proportion of predators feeding on a lower biomass
of prey for all treatments (proportion test, p < 0.001) than would be expected if the 
feeding links were distributed at random. There was a significantly weak correlation
between predator and prey biomass abundance in all treatments pre-manipulation. 
This correlation was no longer significant for any treatment post-manipulation, 
suggesting a seasonal effect on the relationship between predator and prey biomass
abundance (Table 3iii). In a linear least squares regression of predator and prey
biomass abundance, the removal of three weak interactors or all strong and weak
interactors led to a significant reduction in the intercept of this relationship. The
removal of two or three strong interactors or all strong and weak interactors also led
to a significant reduction in the slope of this relationship (Table 3iii).
There was a highly significant negative relationship between body mass and 
numerical abundance for all treatments, pre- and post-manipulation (Figure 11i). The
intercept of this relationship was significantly different before and after the
interaction strength manipulations for all treatments, suggesting a seasonal effect on
the relationship between body mass and numerical abundance. The slope of this 
relationship varied between -0.16 and -0.25. All slopes were significantly different
from -0.75 and -1 (t-test, p < 0.001), but not from a slope of -0.25 (t-test, p > 0.057).
The interaction strength manipulations had no effect on the slope of the relationship
between body mass and numerical abundance (Table 4i).
There was a highly significant positive relationship between body mass and 
biomass abundance for all treatments, pre- and post-manipulation (Figure 11ii). The
intercept of this relationship was significantly different before and after the
interaction strength manipulations for all treatments, suggesting a seasonal effect on
the relationship between body mass and biomass abundance. The slope of this 
relationship varied between 0.75 and 0.83. All slopes are significantly different from
0 (t-test, p < 0.001), but not from a slope of 0.75 (t-test, p > 0.053). The interaction
strength manipulations had no effect on the slope of the relationship between body
mass and biomass abundance (Table 4ii).
The finely size-structured nature of the experimental food webs is further
highlighted by the trophic pyramids in Figure 12. Here, we present the total body
mass, numerical abundance, and biomass abundance at each discrete trophic level in
the experimental food webs. We can see that total body mass increased with each
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Figure 11i. Body mass v numerical abundance for the species in the composite
treatment webs shown in Figure 4. The panels in each figure represent: (A-B) intact
community; (C-D) two weak interactors removed; (E-F) three weak interactors
removed; (G-H) two strong interactors removed; (I-J) three strong interactors
removed; and (K-L) all strong and weak interactors removed. Comparisons within a
treatment are shown pre- and post-manipulation (Figure continued on the next page).
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Figure 11ii. Body mass v biomass abundance for the species in the composite
treatment webs shown in Figure 4. The panels in each figure represent: (A-B) intact
community; (C-D) two weak interactors removed; (E-F) three weak interactors
removed; (G-H) two strong interactors removed; (I-J) three strong interactors
removed; and (K-L) all strong and weak interactors removed. Comparisons within a
treatment are shown pre- and post-manipulation.
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Figure 12i. Trophic pyramids for total body mass at discrete trophic levels, for each
of the composite treatment webs shown in Figure 4. No measurements were taken
for the basal resources, so there is no description of the body mass or abundance at a
trophic level of 1. The panels in each figure represent: (A-B) intact community;
(C-D) two weak interactors removed; (E-F) three weak interactors removed; (G-H) 
two strong interactors removed; (I-J) three strong interactors removed; and (K-L) all
strong and weak interactors removed. Comparisons within a treatment are shown 
pre- and post-manipulation (Figure continued on the next page).
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Figure 12ii. Trophic pyramids for total numerical abundance at discrete trophic 
levels, for each of the composite treatment webs shown in Figure 4. No 
measurements were taken for the basal resources, so there is no description of the 
numerical abundance at a trophic level of 1. The panels in each figure represent:
(A-B) intact community; (C-D) two weak interactors removed; (E-F) three weak 
interactors removed; (G-H) two strong interactors removed; (I-J) three strong 
interactors removed; and (K-L) all strong and weak interactors removed.
Comparisons within a treatment are shown pre- and post-manipulation (Figure
continued on the next page).
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Figure 12iii. Trophic pyramids for total biomass abundance at discrete trophic
levels, for each of the composite treatment webs shown in Figure 4. No 
measurements were taken for the basal resources, so there is no description of the 
biomass abundance at a trophic level of 1. The panels in each figure represent: (A-B) 
intact community; (C-D) two weak interactors removed; (E-F) three weak interactors
removed; (G-H) two strong interactors removed; (I-J) three strong interactors
removed; and (K-L) all strong and weak interactors removed. Comparisons within a
treatment are shown pre- and post-manipulation.
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Table 4i. Regressions between body size and numerical abundance for the six 
treatments. In the regression equation y = a + bx, a is the intercept and b is the slope. 
P values indicate the significance of pre- and post-manipulation comparisons of a
and b. The amount of variation in log body mass explained by log numerical
abundance, r 2, and the significance of the regression, p, is also given, along with the
number of species analysed, n.
(i) Treatment Manipulation a b r 2 p n
W + S + pre 1.829 -0.246 0.502 <0.001 101
post 1.994 -0.231 0.316 <0.001 109
p value 0.044 0.713
W -2 S + pre 1.814 -0.236 0.473 <0.001 96
post 2.028 -0.216 0.258 <0.001 105
p value 0.011 0.655
W -3 S + pre 1.829 -0.233 0.472 <0.001 98
post 2.045 -0.192 0.200 <0.001 110
p value 0.012 0.352
W + S -2 pre 1.830 -0.224 0.420 <0.001 102
post 2.020 -0.201 0.217 <0.001 109
p value 0.028 0.609
W + S -3 pre 1.839 -0.236 0.474 <0.001 97
post 2.071 -0.212 0.246 <0.001 102
p value 0.008 0.597
W - S - pre 1.819 -0.234 0.460 <0.001 93
post 2.103 -0.169 0.141 <0.001 101
p value 0.002 0.192
Table 4ii. Regressions between body size and biomass abundance for the six 
treatments. All other details are the same as in Table 4i.
(ii) Treatment Manipulation a b r 2 p n
W + S + pre 1.817 0.756 0.906 <0.001 101
post 1.974 0.767 0.848 <0.001 109
p value 0.049 0.780
W -2 S + pre 1.799 0.765 0.905 <0.001 96
post 1.996 0.780 0.833 <0.001 105
p value 0.016 0.725
W -3 S + pre 1.828 0.766 0.906 <0.001 98
post 2.027 0.807 0.818 <0.001 110
p value 0.020 0.359
W + S -2 pre 1.824 0.775 0.897 <0.001 102
post 2.015 0.792 0.815 <0.001 109
p value 0.026 0.697
W + S -3 pre 1.829 0.775 0.913 <0.001 97
post 2.052 0.783 0.824 <0.001 102
p value 0.009 0.858
- -W S pre 1.810 0.776 0.904 <0.001 93
post 2.076 0.829 0.808 <0.001 101
p value 0.003 0.269
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discrete trophic level, with the exception of trophic level 3, which had a lower total 
body size than trophic level 2 (Figure 12i). Total numerical abundance decreased 
with each discrete trophic level (Figure 12ii). Biomass abundance increased with
each discrete trophic level, once again with the exception of trophic level 3, which
had a lower total biomass abundance than trophic level 2 (Figure 12iii). These
patterns were consistent across all treatments, both before and after the interaction
strength manipulations. However, we can clearly see the loss of a trophic level in the
treatments which had three strong interactors and all strong and weak interactors
removed (see also Figure 4J and L).
There was a significant positive relationship between body size and trophic 
height in the experimental food webs (left rear walls in Figure 13). The removal of
three strong interactors or all strong and weak interactors significantly reduced the
intercept and the slope of this relationship, while the relationship was no longer
significant after the removal of three strong interactors (Table 5i). There was a
significantly negative relationship between numerical abundance and trophic height
in the mesocosm food webs (right rear walls in Figure 13). The removal of three
weak, three strong, or all strong and weak interactors significantly reduced the
intercept of this relationship. The removal of any species significantly increased the
slope of the relationship (i.e. made it less negative). The relationship was no longer
significant after the removal of two weak interactors or all strong and weak
interactors (Table 5ii). There was a significant positive relationship between biomass
abundance and trophic height in the experimental food webs (right rear walls in
Figure 14). The removal of three strong interactors or all strong and weak interactors 
significantly reduced the slope of this relationship, while the relationship was no
longer significant after the removal of three strong interactors (Table 5iii).
Trivariate patterns
The trivariate plots in Figure 13 reveal a complex relationship between body
size, numerical abundance, and trophic height. Here, many of the points lie
approximately on a diagonal line, drawn from the top right hand corner to the bottom 
left hand corner of the plot. In other words, large-bodied species tend to occur at 
high trophic levels and at low numerical abundances, while small-bodied species
tend to occur at low trophic levels and at high numerical abundances. These
relationships appear to be quite consistent before and after the interaction strength 
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Figure 13i. Trivariate relationships between log body mass, log numerical
abundance, and trophic height for each of the composite treatment webs shown in
Figure 4. The panels in each figure represent: (A-B) intact community; (C-D) two
weak interactors removed; and (E-F) three weak interactors removed. Comparisons
within a treatment are shown pre- and post-manipulation (Figure continued on the
next page).
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Figure 13ii. Trivariate relationships between log body mass, log numerical
abundance, and trophic height for each of the composite treatment webs shown in
Figure 4. The panels in each figure represent: (G-H) two strong interactors removed;
(I-J) three strong interactors removed; and (K-L) all strong and weak interactors
removed. Comparisons within a treatment are shown pre- and post-manipulation.
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Figure 14i. Trivariate relationships between log body mass, log biomass abundance,
and trophic height for each of the composite treatment webs shown in Figure 4. The
panels in each figure represent: (A-B) intact community; (C-D) two weak interactors
removed; and (E-F) three weak interactors removed. Comparisons within a treatment 
are shown pre- and post-manipulation (Figure continued on the next page).
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Figure 14ii. Trivariate relationships between log body mass, log biomass abundance,
and trophic height for each of the composite treatment webs shown in Figure 4. The
panels in each figure represent: (G-H) two strong interactors removed; (I-J) three
strong interactors removed; and (K-L) all strong and weak interactors removed. 
Comparisons within a treatment are shown pre- and post-manipulation.
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Table 5i. Regressions between body size and trophic height for the six treatments. In
the regression equation y = a + bx, a is the intercept and b is the slope. P values 
indicate the significance of pre- and post-manipulation comparisons of a and b. The
amount of variation in log body mass explained by log numerical abundance, r 2, and 
the significance of the regression, p, is also given, along with the number of species
analysed, n.
(i) Treatment Manipulation a b r 2 p n
W + S + pre 2.574 0.333 0.598 <0.001 101
post 2.648 0.340 0.466 <0.001 109
p value 0.404 0.863
W -2 S + pre 2.548 0.338 0.677 <0.001 96
post 2.502 0.307 0.458 <0.001 105
p value 0.575 0.470
W -3 S + pre 2.552 0.335 0.598 0.013 98
post 2.566 0.282 0.365 <0.001 110
p value 0.872 0.246
W + S -2 pre 2.508 0.332 0.593 <0.001 102
post 2.549 0.306 0.442 <0.001 109
p value 0.621 0.547
W + S -3 pre 2.623 0.316 0.482 <0.001 97
post 2.434 0.208 0.335 0.196 102
p value 0.033 0.017
W - S - pre 2.631 0.327 0.517 <0.001 93
post 2.400 0.184 0.248 <0.001 101
p value 0.009 0.002
Table 5ii. Regressions between numerical abundance and trophic height for the six 
treatments. All other details are the same as in Table 5i.
(ii) Treatment Manipulation a b r 2 p n
W + S + pre 4.120 -0.882 0.585 <0.001 101
post 4.125 -0.768 0.468 <0.001 109
p value 0.986 0.364
W -2 S + pre 4.140 -0.911 0.519 <0.001 96
post 3.681 -0.601 0.318 0.385 105
p value 0.087 0.014
W -3 S + pre 4.138 -0.899 0.498 <0.001 98
post 3.514 -0.505 0.216 <0.001 110
p value 0.028 0.003
W + S -2 pre 4.053 -0.877 0.496 <0.001 102
post 3.591 -0.555 0.279 <0.001 109
p value 0.085 0.010
W + S -3 pre 4.270 -0.921 0.481 <0.001 97
post 3.251 -0.411 0.245 <0.001 102
p value <0.001 <0.001
- -W S pre 4.228 -0.909 0.477 <0.001 93
post 2.967 -0.299 0.133 0.188 101
p value <0.001 <0.001
175
 
   
    
 
        
         
        
         
         
        
         
         
        
         
         
        
         
         
        
         
         
        
         
Chapter Five
Table 5iii. Regressions between biomass abundance and trophic height for the six 
treatments. All other details are the same as in Table 5i.
(iii) Treatment Manipulation a b r 2 p n
W + S + pre 1.884 0.360 0.442 <0.001 101
post 2.008 0.307 0.262 <0.001 109
p value 0.391 0.405
W -2 S + pre 1.871 0.359 0.441 <0.001 96
post 1.932 0.275 0.268 <0.001 105
p value 0.663 0.172
W -3 S + pre 1.872 0.356 0.442 <0.001 98
post 2.043 0.238 0.269 0.596 110
p value 0.211 0.052
W + S -2 pre 1.859 0.339 0.414 <0.001 102
post 1.977 0.264 0.254 <0.001 109
p value 0.376 0.209
W + S -3 pre 1.992 0.327 0.328 <0.001 97
post 2.049 0.178 0.184 <0.001 102
p value 0.683 0.016
- -W S pre 1.996 0.331 0.356 0.593 93
post 2.065 0.148 0.137 0.138 101
p value 0.607 0.003
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manipulations. However, multiple regression shows that body mass and numerical
abundance explain less of the variation in trophic height post-manipulation compared
to pre-manipulation (see “r 2” in Table 6i). This is particularly true in the treatments
where three strong interactors were removed and where all strong and weak
interactors were removed. A comparison of multiple regressions before and after the 
interaction strength manipulations also shows that the slope of numerical abundance
and the intercept of the relationship were significantly different for these two 
treatments (see “p values” in Table 6i). This appears to be largely driven by the loss
of a trophic level in these food webs, clearly visible in Figures 4 and 12.
The trivariate plots in Figure 14 also reveal a relationship between body size, 
biomass abundance, and trophic height. Here, many of the points lie approximately
on a diagonal line drawn from the top centre to the bottom centre of the plot. Large-
bodied species tend to occur at high trophic levels and high biomass abundance,
while small-bodied species tend to occur at low trophic levels and low biomass 
abundance. These relationships also appear to be consistent before and after the
interaction strength manipulations. Multiple regression shows that body mass and 
biomass abundance explain less of the variation in trophic height post-manipulation 
compared to pre-manipulation (see “r 2” in Table 6ii). This is particularly true in the
treatments where three strong interactors were removed and where all strong and
weak interactors were removed, once again reflecting the loss of a trophic level in 
these treatments (Figure 4 and Figure 12). A comparison of multiple regressions 
before and after the interaction strength manipulations shows that the slope of body
mass and biomass abundance and the intercept of the relationship were significantly
different for these two treatments (see “p values” in Table 6ii).
Discussion:
Univariate patterns
It is clear that many of the univariate patterns in our experimental food webs 
are susceptible to our targeted extinctions. The removal of weak interactors proved 
to be just as damaging as the removal of strong interactors in most cases. This is
most likely due to the highly connected nature of the manipulated species (strong 
and weak interactors), which range from 25 to 87 direct trophic links in the
composite mesocosm food web shown in Figure 3. Both Dunne et al. (2002) and
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Table 6i. Multiple regressions for trivariate food web patterns. Trophic height = a × 
(log10 body mass) + b × (log10 numerical abundance) + c. P values indicate the
significance of a pre- and post-manipulation comparison of a, b, and c. The amount
of variation in trophic height explained by log body mass and log numerical
abundance, r 2, and the significance of the regression, p, are also given, along with
the number of species analysed, n.
(i) Treatment	 Manipulation a b c r 2 p n
W + S + pre 0.232 -0.410 3.324 0.653 <0.001 101
post 0.238 -0.442 3.529 0.557 <0.001 109
p value 0.902 0.821 0.465
W -2 S +	 pre 0.234 -0.442 3.351 0.672 <0.001 96
post 0.239 -0.316 3.143 0.523 <0.001 105
p value 0.925 0.346 0.435
W -3 S +	 pre 0.237 -0.420 3.320 0.655 <0.001 98
post 0.231 -0.264 3.107 0.413 <0.001 110
p value 0.916 0.264 0.447
W + S -2	 pre 0.233 -0.441 3.315 0.665 <0.001 102
post 0.248 -0.287 3.128 0.499 <0.001 109
p value 0.754 0.223 0.461
W + S -3	 pre 0.154 -0.605 3.741 0.546 <0.001 97
post 0.160 -0.226 2.903 0.390 <0.001 102
p value 0.908 0.010 0.004
W - S - pre 0.190 -0.518 3.582 0.568 <0.001 93
post 0.156 -0.172 2.761 0.286 <0.001 101
p value 0.524 0.018 0.005
Table 6ii. Multiple regressions for trivariate food web patterns. Trophic height = a × 
(log10 body mass) + b × (log10 biomass abundance) + c. All other details are the same
as in Table 6i.
(i) Treatment Manipulation a b c r 2 p n
W + S + pre 0.642 -0.410 3.318 0.652 <0.001 101
post 0.693 -0.460 3.556 0.556 <0.001 109
p value 0.666 0.729 0.407
W -2 S + pre 0.673 -0.437 3.335 0.670 <0.001 96
post 0.555 -0.318 3.137 0.518 <0.001 105
p value 0.301 0.386 0.464
W -3 S + pre 0.651 -0.413 3.306 0.654 <0.001 98
post 0.495 -0.264 3.102 0.412 <0.001 110
p value 0.187 0.289 0.466
W + S -2 pre 0.674 -0.441 3.313 0.665 <0.001 102
post 0.522 -0.272 3.097 0.492 <0.001 109
p value 0.160 0.187 0.400
W + S -3 pre 0.753 -0.601 3.729 0.540 <0.001 97
post 0.387 -0.229 2.904 0.388 <0.001 102
p value 0.004 0.014 0.006
- -W S pre 0.713 -0.520 3.581 0.571 <0.001 93
post 0.319 -0.162 2.737 0.280 <0.001 101
p value 0.002 0.014 0.004
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Coll et al. (2008) have demonstrated that targeted removal of highly connected 
species can be more damaging for food web structure than the loss of poorly
connected species. This is clearly the case in our experimental communities, where
the removal of our highly connected manipulated species altered the connectance,
linkage density, mean food chain length, fraction of top, intermediate, and basal
species, and the distribution of links in the food webs. 
Connectance is a fundamental property, which describes the fraction of
realised links in a food web. It can be used in conjunction with species richness to
predict key structural properties of the most complex food webs in the literature
(Williams & Martinez 2000). Changes in connectance will thus be associated with 
altered fractions of top, intermediate and basal species, distributions of links, food 
chain lengths, and degrees of cannibalism and omnivory (Williams & Martinez
2000). A reduction in food web connectance is also associated with decreased
robustness, a measure of stability, i.e. the ability of a community to resist secondary
extinctions (Dunne et al. 2002). Linkage density describes the mean number of
interactions per species and is a similar indicator of how highly connected a food
web is. The ranges of connectance (0.15-0.30) and linkage density (5.2-7.6) in the
experimental food webs described here are comparable to the Benguela (Yodzis
1998), Skipwith Pond (Warren 1989), and Tuesday Lake (Jonsson et al. 2005)
aquatic food webs. Connectance and linkage density have been shown to be much
lower (Hall & Raffaelli 1991; Martinez 1991; Woodward et al. 2005b) or higher
(Link 2002) in other aquatic food webs, however.
Loss of two or more species reduced the connectance and linkage density of
the mesocosm food webs (see Figure 5). Here, there was no distinction between the
loss of strong or weak interactors. Rather the number of species lost seemed to 
contribute to the extent of the reduction in connectance and linkage density, i.e. two 
species removed contributed to a significant reduction in these food web properties, 
three species removed led to even greater reductions, with the largest decrease in
connectance and linkage density occurring when six species were removed (three
strong and three weak interactors). Our results indicate that the removal of any
highly connected species, whether it is a strong or weak interactor will reduce the
connectance and thus the stability of the experimental food webs. This finding is in 
line with other studies that show the importance of weak, as well as strong, 
interactors for food web stability (McCann et al. 1998; Neutel et al. 2002; O'Gorman
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& Emmerson 2009). Species turnover can also be considered a measure of a
system‟s ability to resist change (O'Gorman & Emmerson 2009), with low turnover
equating to a high resistance to species invasions and/or extinctions. Here, the loss of
two strong or three weak interactors led to a significant increase in the species 
turnover of the mesocosm communities (see Figure 6). These combined effects on
connectance and species turnover highlight the importance of maintaining a balance
between strong and weak interactors to preserve food web stability.
Long food chains are often thought to be unfavourable due to instability
(Pimm & Lawton 1977; Lawler & Morin 1993) and a diminishing transfer of energy 
between successive trophic levels (Hutchinson 1959; Pimm 1982). More recently,
some studies have suggested that these factors do not adequately explain natural
patterns of food chain length (Spencer & Warren 1996; Sterner et al. 1997). 
Experiments suggest that high productivity (Kaunzinger & Morin 1998; Vander
Zanden et al. 1999) or a large ecosystem size (with high species diversity, habitat
availability, and habitat heterogeneity) (Spencer & Warren 1996; Post et al. 2000b)
can sustain longer food chain lengths. Mean food chain length in the intact 
experimental communities was consistently high at approximately 5.5 species per
food chain. This is comparable to Tuesday Lake (Jonsson et al. 2005) and the Ythan
Estuary (Hall & Raffaelli 1991), but falls at the upper limit of 113 food webs 
analysed by Briand & Cohen (1987). The loss of two or three weak interactors led to 
a significant reduction in mean food chain length, with the loss of two strong 
interactors producing even shorter food chains. The greatest reduction in mean food
chain length occurred in the treatments with three strong interactors or all strong and
weak interactors removed, which reflects the simplification of food web structure in
these two treatments (clearly visible through the loss of a trophic level in Figure 4J
and L). There was a suppression in primary productivity after the removal of strong 
interactors from the communities (see O'Gorman & Emmerson 2009) and a
reduction in species diversity after the removal of two weak and three strong
interactors (see Figure 6A and B). The reduction in mean food chain length as a
result of the interaction strength manipulations was most likely driven by these
effects on productivity (i.e. resource availability) and species diversity (which is 
related to the ecosystem-size hypothesis; Cohen & Newman 1991), as suggested
through the findings of other experimental studies (Kaunzinger & Morin 1998;
Vander Zanden et al. 1999; Post et al. 2000b; Post 2002).
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The fractions of top (2-16%), intermediate (69-86%), and basal (10-18%) 
species in the experimental communities are similar to those documented in many
other aquatic systems (e.g. Warren 1989; Martinez 1991; Link 2002; Woodward et 
al. 2005b). Hall & Raffaelli (1991) report a lower percentage of basal and
intermediate species and a higher percentage of top species for the Ythan Estuary
food web, but this web includes many birds as top species. Birds were not part of our
experimental food webs with the cages effectively constraining the upper limit to 
body size in the experimental webs. Jonsson et al. (2005) report a lower percentage
of intermediate species and a higher percentage of basal species for the Tuesday
Lake food web. Their study has a highly resolved description of primary producers,
with many species of phytoplankton listed as basal species. The basal resources in 
our experimental communities suffer from a lack of resolution, contributing to the 
observed differences with Tuesday Lake. This highlights the importance of
resolution for many of the patterns observed in food webs. Martinez (1993)
demonstrated that linkage density, the fractions of top, intermediate, and basal
species, and links between these species are very sensitive to differences in food web
resolution, but that the ratio of predators to prey and connectance are robust to 
differences in resolution. This suggests that the observed effects of species removal
on the connectance, and thus robustness, of the experimental communities should be
consistent regardless of the resolution of our food webs, while other univariate
patterns need to be interpreted with some caution (but see also Sugihara et al. 1989;
Hall & Raffaelli 1991; Bersier & Sugihara 1997).
The fractions of top, intermediate, and basal species are intrinsically related 
to the distributions of links between species in these categories. For example, the
increased fraction of top species resulting from the interaction strength 
manipulations (see Figure 7A-B) led to an increase in the fraction of basal to top and
intermediate to top species. This was particularly evident with the removal of two or
three strong interactors, or all strong and weak interactors, with little effect of the 
removal of weak interactors (see Figure 8C-D and G-H). Similarly, a decrease in the
fraction of intermediate species (see Figure 7C-D) led to a large reduction in the 
fraction of intermediate to intermediate links (see Figure 8E-F). There was, however,
an increase in the fraction of basal to intermediate links as a result of the interaction
strength manipulations. This suggests that the removal of strong and weak
interactors had little effect on species that feed on basal resources, instead altering 
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the distribution of species that interact higher up in the food web (Havens 1992; 
Schmid-Araya et al. 2002). Given that the manipulated species themselves all occur
at high trophic levels (see Figure 3; Table S2 in Appendix B), this may be evidence
for a concentration of knock-on effects on the closest species along food chains of
direct interactions, with a dissipation of the removal perturbations through longer
chains of indirect effects. There was little impact of the interaction strength
manipulations on the fraction of basal species. The removal of three strong 
interactors caused a significant increase in the proportion of basal species, but there
was little or no change in the actual number of basal species in these webs (see
Appendix E). Instead, this effect was driven by a reduction in the species richness of
these webs. This may be partly due to the poor resolution of this portion of the web, 
where phytoplankton, diatoms, cladocerans, and algal species were aggregated
during construction of the web.
Body size is closely correlated with many aspects of morphology,
physiology, behaviour, and ecology through allometric relationships (Peters 1983;
Calder 1984; Schmidt-Nielsen 1984; Brown & Gillooly 2003; Emmerson & 
Raffaelli 2004). As such, it is an important and easily measured community
descriptor. The distribution of body masses in a wide range of ecosystems tends to 
be highly-skewed, with many small species decreasing to few large species
(Hutchinson & Macarthur 1959; May 1988; Brown & Nicoletto 1991; Holling 1992;
Jonsson et al. 2005), reflecting the Eltonian pyramid of sizes and numbers (Elton
1927). We see a similar pattern in our experimental cages, where the distribution of
log body masses, and log body mass plotted against the rank in body mass, differed
significantly from a normal distribution (see Figure 9i). There is a suggestion that the
distribution of body masses was right-skewed, although we can see a peak at the
right tail of the distribution in all treatments, produced by the manipulated species.
This indicates that the number of manipulated species used in the experiment may be
artificially high for the size of these communities, even though they were in line with
summer densities along the same stretch of shoreline at Lough Hyne (Costello 1992; 
Crook et al. 2000; Verling et al. 2003; Yvon-Durocher et al. 2008). There is a gap in
the right tail of the distribution pre-manipulation, which disappears for all treatments
post-manipulation. The consistency of this effect across all treatments (including the
intact communities) suggests that it is a seasonal effect in the communities and is not 
as a result of the interaction strength manipulations. The small mesh size of the cages
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meant that only very small species (< 5mm) could recruit into the food webs
throughout the experiment, but over time the species that had settled in the cages 
most likely grew in size to fill the gaps in these body mass distributions (see Holling 
1992 for other possible mechanisms leading to gaps in body mass distributions).
Numerical and biomass abundance in the experimental food webs also follow 
bimodal distributions, most likely due to artificially raised densities of the large
manipulated species as previously discussed (see Figure 9ii and iii). We can again
see gaps in all the distributions for numerical abundance, both before and after the
interaction strength manipulations (see Figure 9ii). Here, the gaps in the distribution 
are most likely caused by a sampling effect, i.e. the density of species on the
settlement panels and mesh pads was limited by the area of those sampling 
substrates. This produces the distinctive straight line of points on the plots of log
numerical abundance versus rank in numerical abundance (see Figure 9ii). These two
abnormalities prevent what might otherwise be tightly fitting normal distributions in 
log numerical abundance (as evidenced by the close fit of almost all the data points 
to the log-normal relationship in the plot of log numerical abundance v rank in
numerical abundance in Figure 9ii). A normal distribution of log numerical 
abundance would be indicative of an undisturbed community at equilibrium, where
competitive species interactions are abundant (May 1975; Tokeshi 1993). Figure 9ii
suggests that such patterns would be evident across all treatments pre- and post-
manipulation, indicating that the communities with strong and/or weak interactors
removed may have settled at a new equilibrium, in spite of the observed disruption to
many of the univariate patterns in these food webs (see Tables 1 and 2). We cannot 
confirm this pattern without more detailed information on the distribution of
numerical abundances, however, and this is a major limitation of the sampling 
methods employed.
Bivariate patterns
Many of the bivariate patterns in the experimental food webs were robust to 
the effects of the interaction strength manipulations. The experimental communities 
described in this study are highly size-structured, similar to most other aquatic
communities (Jennings et al. 2001; Jonsson et al. 2005; Reuman & Cohen 2005). A 
high percentage of feeding interactions (>89%) consist of large, rare predators eating 
small, abundant prey (see Figure 10). This pattern is found in many other natural 
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systems (Warren & Lawton 1987; Cohen et al. 1993b; Cohen et al. 2003; Brose et
al. 2006a). The food webs also maintain a trophic pyramid of numerical abundance
and an inverted pyramid of body size and biomass abundance, in spite of the
interaction strength manipulations (see Figure 12). Note that the increase in total
body size at trophic level 2 is due to the large herbivorous sea urchin, Paracentrotus 
lividus. If P. lividus is removed from this analysis, then we find a perfect inverted 
pyramid of body size in the cages. Even the loss of a trophic level in the treatments 
where three strong interactors or all strong and weak interactors were removed did 
not lead to a disruption in the pattern of these pyramids. A community-level trophic 
cascade occurs when a perturbation to a top predator (or group of predators) leads to 
subsequent changes in the biomass of lower trophic levels (Polis et al. 2000). 
Trophic cascades are increasingly prevalent in the literature (Estes & Palmisano 
1974; Carpenter et al. 1985; Bruno & O'Connor 2005; Finke & Denno 2005; Byrnes
et al. 2006; O'Gorman et al. 2008). It is compelling that the loss of an entire trophic
level, through the removal of the three most strongly interacting predators and
indeed six of the largest predators in the system, did not produce a cascading effect
on the total body size, numerical abundance or biomass abundance at each
subsequent trophic level. More interestingly, we know a community-level cascade
occurred in these treatments (O'Gorman & Emmerson 2009), with the loss of the
strongly interacting predators releasing benthic invertebrate prey from predation 
pressure, which in turn suppressed primary production levels in the system. Clearly,
even a community-level cascade such as this is not sufficient to override the 
stabilising size-structure maintained by these aquatic communities.
There is, however, some evidence that this pattern may be weakened by the
interaction strength manipulations. Jennings et al. (2002) showed that body size
forms a continuum with trophic level in aquatic communities, which is reflected in
the significant positive correlation between body size and trophic height in all our 
experimental treatments pre-manipulation. The loss of three strong interactors or all
strong and weak interactors significantly reduced the intercept and the slope of this 
relationship. This is partly driven by the aforementioned loss of a trophic level in 
these treatments and also by an increased prevalence of large-bodied species at lower 
trophic levels. Furthermore, the relationship between body size and trophic level was
no longer significant in the treatment where three strong interactors were removed. 
The dissolution of this relationship suggests that, over time, the inverted pyramid of 
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body size dominating our experimental communities may also break down. Similar
patterns were also observed in the relationships between numerical and biomass 
abundance and trophic height.
Neutel et al. (2002) found that biomass pyramids may be important for the
stability of complex food webs. If a pyramid of biomass exists (i.e. biomass 
decreases with increasing trophic level), omnivorous predators feeding on two or
more trophic levels will always have a relatively small top-down effect on high 
trophic levels, coupled with strong top-down effects on lower trophic levels 
(considering per unit biomass feeding rates). This leads to an aggregation of weak
links in long feeding loops, reducing the mean interaction strength of the loop and 
increasing the stability of the system. Our experimental food webs show inverted
biomass pyramids and yet are seemingly stable before the interaction strength
manipulations were initiated (high connectance and species turnover). Raffaelli 
(2002) speculated that the slope of the biomass pyramid might be an indicator of
food web stability, with tall, thin pyramids less likely to be stable than short,
relatively flat pyramids. Raffaelli (2002) also acknowledged that many systems do
not have biomass pyramids, especially open water marine and freshwater systems, 
and so the patterns described by Neutel et al. (2002) are likely to be sufficiently
robust to accommodate such variants. This appears to be the case in our experimental
food webs, which exhibit a high proportion of weak interactions, in spite of the
inverted biomass pyramid (O'Gorman et al. in press). An investigation of loop 
weights in the experimental food webs might reveal interesting insights into the 
biological mechanisms that contribute to stability in the absence of a stabilising
pattern of biomass, as described by Neutel et al. (2002).
Body mass-abundance relationships in nature are often thought to exhibit
slopes of -0.75 (Damuth 1981; McMahon & Bonner 1983; Brown 1995; Enquist et 
al. 1998) or -1 (Borgmann 1987; Griffiths 1992, 1998; Brown & Gillooly 2003). 
Such relationships are typically compiled from the average body size, M, and
abundance, N, of species in the literature and constitute Global Size Density
Relationships (GSDR). Body mass-abundance relationships with a slope of -0.75 
have been used as evidence of an Energy Equivalence Rule (EER) in natural 
communities (Damuth 1981, 1987). Since body mass is thought to scale with 
metabolic rate, B, as B M 0.75 (Kleiber 1947; Peters 1983; West et al. 1997; Brown
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& Gillooly 2003), this suggests that population energy use, E, is approximately
0.75 -0.75 0invariant with respect to mass (E M × M = M ). The EER proposes that a
combination of physiological and ecological processes result in energetic trade-offs,
such that resources are divided equally among species populations, irrespective of
their body size (White et al. 2007). Body mass-abundance relationships with a slope 
of -1 have been used as evidence of a Biomass Equivalence Rule (BER) across
species populations. Since biomass abundance, BA = N × M, and if N M -1, then BA
-1 1 0= M × M = M . This relationship implies that the total biomass of every species is
roughly independent of body size (Rinaldo et al. 2002).
The experimental communities quantified in this study show markedly
different relationships to those listed above for global communities (see Figure 11).
The slope of the body mass-numerical abundance relationship differs significantly
from a slope of -0.75 and -1 for all treatments, pre- and post-manipulation. In fact, 
the slope of the body mass-numerical abundance relationship in these experimental
communities much more closely resembles a slope of -0.25. This is consistent across 
all treatments and the interaction strength manipulations had no detectable effect on 
the slope of this relationship. It should be noted that the experimental communities
described in this study are likely to exhibit source-sink dynamics (Holt 1985; 
Pulliam 1988). Here, the mesocosm food webs represent local sink communities, fed 
by immigration of species from the larger Lough Hyne source pool. Local
communities have been demonstrated to have body mass-abundance relationships
with a slope that does not differ significantly from -0.25 (Blackburn & Gaston 1997), 
similar to the communities presented in this study. This will have consequences for
0.75 -0.25 0.5the EER outlined above, i.e. E M × M = M . If energy use scales with
body mass as M 0.5, this means that large-bodied species will consume less energy
per unit biomass than small-bodied species in the experimental communities. This is
perhaps confirmed by the prevalence of strong per unit biomass trophic interactions
among small-bodied species in these mesocosm communities (see O'Gorman et al. in
press). 
The body mass-abundance slope of -0.25 will also have consequences for the 
-0.25 1 0.75 0.75BER, i.e. B = M × M = M . If biomass scales with body mass as M , large-
bodied species should have a greater population biomass than small-bodied species.
Given that there is a positive relationship between body size and trophic height (left 
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rear walls in Figure 13), this means that large-bodied species will occur at higher
trophic levels in our experimental communities (see also Figure 12i). These two 
relationships in turn produce the inverted trophic pyramid of biomass abundance
shown in Figure 12iii, where high trophic levels tend to have higher biomass
abundance than low trophic levels in the experimental communities, irrespective of
the interaction strength manipulations. Confirmation of the predicted scaling of
biomass abundance with body size in the experimental communities can be found in 
the slope of the body mass-biomass abundance relationship. Here, all treatments
exhibit a slope that is significantly different from 0 (predicted for the BER), but not
significantly different from 0.75. This relationship is also robust to the interaction 
strength manipulations. 
Studies that make predictions about the strength of trophic interactions 
between species in a community typically rely on assumptions such as the BER to 
estimate interaction strength from predator-prey allometry (Emmerson et al. 2005; 
Montoya et al. 2005; Montoya et al. 2009; O'Gorman et al. in press). We have
shown that this assumption does not hold for the experimental communities 
described here. It is interesting that estimates of interaction strength in the
experimental communities, predicted using the assumption of biomass equivalence
across populations of species, match empirical estimates of interaction strength
measured in the cages themselves (O'Gorman et al. in press). This suggests that other
factors, such as the metabolic requirements and feeding preferences of the predators
in these communities, must be deviating from the expectations of theory to balance
the inverted pyramid of population biomasses observed in the cages. It would be
interesting to re-calculate interaction strength in these communities, substituting the
values for body size and biomass scaling predicted by theory with those
demonstrated empirically in these experiments. Such an approach could offer an
insight into the additional factors that might be contributing to energy equivalence
across different populations in these mesocosm communities.
Trivariate patterns
There is a distinct relationship between body size, abundance, and trophic 
height in these experimental food webs, revealed by the trivariate plots in Figures 13
and 14. Large-bodied species occur at high trophic levels and at low numerical
abundance and high biomass abundance, while small-bodied species occur at low
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trophic levels and at high numerical abundance and low biomass abundance. The
slope and intercept of these relationships may shift in response to species loss in the 
food webs, but they remain intact against even the harshest perturbations (see Table 
6). Similar trivariate relationships between body mass, abundance, and trophic height
have been described for Tuesday Lake (Jonsson et al. 2005) and Broadstone Stream 
(Woodward et al. 2005b). The relationships in Tuesday Lake were also robust to the 
removal of three highly connected fish predators. These trivariate patterns give rise
to the robust body mass-abundance relationships and size-structured nature of the 
experimental food webs described in this study, providing an overarching structure
to the communities present. While the connectance, linkage density, proportions of
top, intermediate, and basal species, and the distribution of links in our experimental
food webs may fluctuate in response to perturbations, the intricate relationship 
between body size, abundance, and trophic height provides a stabilising 
configuration, which allows the communities to persist in spite of top level 
extinctions.
Conclusion
Food web studies are often limited by their portrayal of species interactions at 
a snapshot in time. Here, we have taken the unique approach of replicating food web
structure in 24 mesocosm communities and studying the changes in structure as a
result of targeted species extinctions, at a number of different points in time. We
have shown that all species contribute to the stability of a food web, whether they are
strong or weak interactors. The loss of any of our highly connected manipulated 
species proved very damaging for many of the univariate patterns in our
experimental food webs. That these food webs persist, even after the loss of an entire
trophic level and up to six of the most highly connected species in the system, seems 
to depend on the preservation of key bivariate and trivariate patterns. Pyramids of
body size and abundance provided a finely balanced size-structuring to the
communities, with the vast majority of feeding interactions taking place between
large, rare species eating small, abundant species. The total body size, numerical 
abundance, and biomass abundance at each discrete trophic level remained relatively
constant, even in the face of a community-level trophic cascade, supporting theories
of niche differentiation (Hutchinson 1957; Schoener 1974b). The relationship 
between body mass and abundance was extremely robust to the removal 
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perturbations, never varying from the expected slope of local communities. Finally,
the intricate relationship between body mass, abundance and trophic height appears 
to act as a stabilising mechanism in these communities, maintaining the flow of
energy and the balance of species interactions in the food webs. Thus, the trivariate
patterns approach to studying food web ecology (Cohen et al. 2003; Jonsson et al.
2005; Woodward et al. 2005b) reveals stabilising mechanisms that might be missed 
by considering only univariate patterns in the system.
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Appendix A. Photographs of the mesocosm cages and the sampling substrates.
Plate 1. Demonstrating the scale of the mesocosm experiment.
Plate 2. Sealed cages, with skeletal structure enclosed by mesh at all sides.
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Plate 3. Sampling substrates used in the experiment: green settlement panels for 
sessile invertebrates; red pot scourers for mobile invertebrates; glass slides for 
primary production; and mesh bags to estimate decomposition of kelp. Only data 
from the settlement panels and mesh pads are used in the current study. Estimates of
primary production were used in O’Gorman and Emmerson (2009). Kelp 
decomposition proved to be too rapid for the bi-monthly sampling sessions, so this 
data was not used in the experiments.
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Plate 4. Setting a mesocosm cage at low tide in the shallow subtidal, along the south
shoreline of Lough Hyne.
Plate 5. Rows of cages visible on the benthos at low tide.
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Appendix B: Table S1. Length-weight (L-W) relationships used to estimate the 
body mass of all species in the study. Weight (y) is measured in mg. Length (x) is 
measured in mm.
Code Species L-W Relationship r 
2 
LW1 Carcinus maenas 1 y = 0.2668x2.9545 0.9693
LW2 Ctenolabrus rupestris 2 y = 0.0057x3.181 0.9734
LW3 Gaidropsarus mediterraneus 2 y = 0.0008x3.3972 0.9847
LW4 Gobius niger 2 y = 0.0074x3.0788 0.9320
LW5 Gobius paganellus 2 y = 0.0014x3.4672 0.9356
LW6 Marthasterias glacialis 3 y = 0.3088x2.7417 0.9187
LW7 Necora puber 1 y = 0.2989x2.9639 0.9204
LW8 Palaemon serratus 4 y = 0.0014x3.3838 0.9201
LW9 Paracentrotus lividus 5 y = 1.2774x2.737 0.9398
LW10 Taurulus bubalis 2 y = 0.0032x3.3258 0.9604
LW11 Gobiusculus flavescens 2 y = 0.0004x3.7234 0.9612
LW12 Pomatoschistus pictus 2 y = 0.0039x3.1954 0.9733
LW13 Alvania spp. 6 y = 0.1391x2.71 0.9877
LW14 Anomia ephippium 7 y = 0.0304x2.9244 0.9428
LW15 Aora gracilis 8 y = 0.0018x3.2994 0.9202
LW16 Aoridae 8 y = 0.0031x2.8427 0.9596
LW17 Ascidiella aspersa 9 y = 0.1159x2.3628 0.8922
LW18 Bittium reticulatum 6 y = 0.1224x2.3117 0.9831
LW19 Buccinum undatum 6 y = 0.0958x3.0601 0.9804
LW20 Cardiidae 7 y = 0.1084x3.0951 0.9870
LW21 Chlamys varia 7 y = 0.0508x3.036 0.9893
LW22 Clathrina coriacea 9 y = 0.2909x1.9999 0.9541
LW23 Crassicorophium spp. 8 y = 0.0046x3.1972 0.9491
LW24 Crisia spp. 9 y = 0.00004x2.6928 0.9691
LW25 Cumacea 4 y = 0.0101x1.9552 0.8806
LW26 Dysidea fragilis 9 y = 0.1435x1.9328 0.8442
LW27 Epilepton clarkiae 7 y = 0.0959x2.8774 0.9805
LW28 Foraminifera 9 y = 0.1598x3.2349 0.9801
LW29 Galathea squamifera 8 y = 0.0284x4.3903 0.9353
LW30 Hiatella arctica 4 y = 0.053x2.9161 0.9540
LW31 Janua pagenstecheri 9 y = 0.1117x3.0229 0.9314
LW32 Lembos websteri 8 y = 0.0037x2.6724 0.9806
LW33 Lysianassa ceratina 8 y = 0.0096x3.0979 0.9877
LW34 Melitidae 8 y = 0.004x3.095 0.9598
LW35 Microdeutopus anomalus 8 y = 0.0016x3.3615 0.9685
LW36 Musculus discors 7 y = 0.0986x2.7968 0.9766
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LW37 Mysidae 4 y = 0.0006x3.2529 0.9236
LW38 Nudibranchia 9 y = 0.0096x2.8116 0.9726
LW39 Ophiothrix fragilis 10 y = 0.4875x2.9185 0.9435
LW40 Ophiura ophiura 10 y = 0.2936x2.5329 0.9603
LW41 Ostracoda 9 y = 0.1738x4.2678 0.7896
LW42 Parvicardium exiguum 7 y = 0.1104x3.0932 0.9786
LW43 Parvicardium ovale 7 y = 0.1018x3.1784 0.9900
LW44 Parvicardium scabrum 7 y = 0.1103x3.0607 0.9870
LW45 Pectinidae 7 y = 0.0698x2.8284 0.9871
LW46 Perinereis cultrifera 9 y = 0.0015x3.0023 0.9733
LW47 Pilumnus hirtellus 1 y = 0.1324x2.963 0.9438
LW48 Platynereis dumerilii 9 y = 0.0113x2.2781 0.8051
LW49 Polychaeta 9 y = 0.0021x2.395 0.8612
LW50 Pomatoceros spp. 11 y = 0.0029x2.781 0.9688
LW51 Rissoa spp. 6 y = 0.1532x2.3992 0.9691
For each taxon, length is measured as:
 
1 Widest part of the carapace.
 
2 Tip of the mouth to the base of the tail (straight line along the midline).
 
3 Centre of the oral surface to the tip of the longest arm.
 
4 Tip of the rostrum to the base of the telson (straight line along the top surface of
 
the animal).
 
5 Diameter of the test.
 
6 Straight line from the apex to the base.
 
7 Straight line from the umbo to the ventral margin.
 
8 Tip of the head to the base of the abdomen (straight line along the top surface of
 
the animal).
 
9 Straight line along the longest dimension.
 
10 Diameter of the oral disc (all legs frequently damaged).
 
11 Line following the ridge from the tip of the operculum to the base of the tube.
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Table S2. List of species corresponding to the codes shown in Figure 3. A code for
the length-weight (L-W) relationship used to estimate the body mass of each species
is provided. These codes correspond to the key shown in Table S1. The trophic
height (TH), generality (Gen), vulnerability (Vul), and number of trophic links (TL) 
of each species is provided.
Code Species L-W TH Gen Vul TL
1 Carcinus maenas LW1 5.40 33 4 37
2 Ctenolabrus rupestris LW2 5.54 66 1 67
3 Gaidropsarus mediterraneus LW3 6.22 46 0 46
4 Gobius niger LW4 5.10 77 1 78
5 Gobius paganellus LW5 5.52 86 1 87
6 Marthasterias glacialis LW6 6.30 25 0 25
7 Necora puber LW7 5.89 24 1 25
8 Palaemon serratus LW8 4.71 44 7 51
9 Paracentrotus lividus LW9 2 2 3 5
10 Taurulus bubalis LW10 5.21 51 1 52
11 Gobiusculus flavescens LW11 3.72 36 7 43
12 Pomatoschistus pictus LW12 3.98 54 7 61
13 Abra alba LW27 2 4 5 9
14 Acanthocardia echinata LW20 2 4 4 8
15 Acanthocardia tuberculata LW20 2 4 3 7
16 Acanthochitona crinitus LW25 2 4 1 5
17 Aequipecten opercularis LW45 2.68 10 5 15
18 Alvania beani LW13 2 2 6 8
19 Alvania punctura LW13 2 2 2 4
20 Alvania semistriata LW13 2 2 3 5
21 Ammonicera rota LW51 2 2 1 3
22 Amphilochus manudens LW33 2 3 1 4
23 Anomia ephippium LW14 2 6 9 15
24 Aora gracilis LW15 3.07 8 5 13
25 Apherusa bispinosa LW34 2 5 1 6
26 Apseudes latreillei LW25 2 5 3 8
27 Apseudes talpa LW25 2 5 1 6
28 Ascidiella aspersa LW17 2 4 4 8
29 Asterina phylactica LW6 3.84 11 3 14
30 Bittium reticulatum LW18 2.85 14 9 23
31 Boreotrophon truncatus LW19 2 4 1 5
32 Buccinum undatum LW19 3.82 13 1 14
33 Calanoida LW25 2 6 16 22
34 Callopora lineata LW22 2 4 1 5
35 Caprella acanthifera LW16 2 4 4 8
36 Caprella equilibra LW16 3.30 8 3 11
37 Caprella linearis LW16 3.47 4 4 8
38 Ceradocus semiserratus LW34 2 2 1 3
39 Cerastoderma edule LW20 3.14 10 2 12
40 Cerithiopsis tubercularis LW18 2.67 6 8 14
41 Chironomidae spp. LW49 2 3 5 8
42 Chlamys varia LW21 2 5 5 10
43 Circulus striatus LW28 2 3 3 6
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44 Clathrina coriacea LW22 2 4 6 10
45 Cliona celata LW22 2 4 10 14
46 Coriandria fulgida LW51 2 2 9 11
47 Crassicorophium bonnellii LW23 2 7 6 13
48 Crassicorophium crassicorne LW23 2 7 8 15
49 Crisia denticulata LW24 2 3 8 11
50 Crisia eburnea LW24 2 3 6 9
51 Cumacea A LW25 2 4 1 5
52 Cuthona A LW38 3.67 2 0 2
53 Cyclopoida LW25 2.50 6 16 22
54 Cythere lutea LW41 2 4 2 6
55 Dexamine spinosa LW34 2 2 5 7
56 Dexamine thea LW34 2 2 2 4
57 Disporella hispida LW22 2 3 1 4
58 Dysidea fragilis LW26 2 4 10 14
59 Elasmopus rapax LW34 2 2 4 6
60 Electra pilosa LW22 2 3 3 6
61 Elysia viridis LW38 2 2 1 3
62 Emarginula fissura LW28 2.75 7 1 8
63 Epilepton clarkiae LW27 2 4 7 11
64 Epitonium clathrus LW19 3.67 2 0 2
65 Ericthonius brasiliensis LW23 2.36 8 7 15
66 Ericthonius punctatus LW23 2.36 8 7 15
67 Eubranchus farrani LW38 3.67 2 0 2
68 Exogone gemmifera LW49 2 4 2 6
69 Foraminifera A LW28 2 3 8 11
70 Foraminifera B LW28 2 3 8 11
71 Foraminifera C LW28 2 3 4 7
72 Foraminifera D LW28 2 3 3 6
73 Foraminifera E LW28 2 3 4 7
74 Foraminifera F LW28 2 3 7 10
75 Foraminifera G LW28 2 3 6 9
76 Galathea squamifera LW29 3.62 25 2 27
77 Gammaropsis maculata LW16 2 3 2 5
78 Gammarus locusta LW34 2 4 4 8
79 Gammarus zaddachi LW34 2 4 2 6
80 Gastropod A LW51 2 3 0 3
81 Gibbula umbilicalis LW19 2.75 7 4 11
82 Halacarellus basteri LW25 2 3 3 6
83 Harpacticoida LW25 2 7 20 27
84 Hiatella arctica LW30 2 4 9 13
85 Hydrozoa LW24 2.79 5 12 17
86 Idotea A LW25 2.80 7 3 10
87 Idotea B LW25 2.80 7 4 11
88 Iothia fulva LW28 2 2 0 2
89 Janua pagenstecheri LW31 2 3 6 9
90 Lasaea rubra LW27 2 4 4 8
91 Lembos websteri LW32 2.61 10 7 17
92 Leptocheirus tricristatus LW16 2 5 2 7
93 Leptochelia savignyi LW25 2 4 3 7
94 Leptocythere pellucida LW41 2 4 1 5
95 Leptomysis lingvura LW34 2 5 2 7
96 Loxoconcha rhomboidea LW41 2 5 7 12
97 Lysianassa ceratina LW33 2 3 2 5
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98 Macoma balthica LW20 2 5 0 5
99 Melita palmata LW34 2 4 5 9
100 Microdeutopus anomalus LW35 2 5 6 11
101 Microprotopus maculatus LW16 2.71 3 3 6
102 Modiolula phaseolina LW36 3.00 8 14 22
103 Monia patelliformis LW14 2 6 7 13
104 Munna kroyeri LW25 2 4 4 8
105 Musculus discors LW36 3.00 8 14 22
106 Mytilus edulis LW36 3.00 8 14 22
107 Nannastacus unguiculatus LW25 2.75 7 1 8
108 Nematoda spp. LW49 2 4 11 15
109 Nereis A LW49 2 3 8 11
110 Odostomia plicata LW51 3.00 2 0 2
111 Omalogyra atomus LW28 2 2 1 3
112 Onoba semicosta LW51 2.67 9 1 10
113 Ophiothrix fragilis LW39 2 7 7 14
114 Ophiura ophiura LW40 3.91 22 6 28
115 Ostracod A LW41 2 4 4 8
116 Ostracod B LW41 2 4 1 5
117 Ostracod C LW41 2 4 0 4
118 Paradoxostoma variabile LW41 2 4 6 10
119 Parvicardium exiguum LW42 2 4 10 14
120 Parvicardium ovale LW43 2 4 11 15
121 Parvicardium scabrum LW44 2 4 11 15
122 Perinereis cultrifera LW46 2 3 7 10
123 Phtisica marina LW16 3.04 7 2 9
124 Phyllodocid A LW49 3.13 6 4 10
125 Pilumnus hirtellus LW47 4.26 23 7 30
126 Platynereis dumerili LW48 2.57 4 8 12
127 Pomatoceros lamarcki LW50 2 4 10 14
128 Pomatoceros triqueter LW50 2 4 10 14
129 Pontocypris mytiloides LW41 2 4 3 7
130 Pseudoparatanais batei LW25 2 4 3 7
131 Retusa truncatula LW51 3.00 7 0 7
132 Rissoa parva LW51 2.62 7 10 17
133 Rissoa sarsi LW51 2 5 10 15
134 Rissoella diaphana LW51 2 5 8 13
135 Rissoella opalina LW51 2 5 7 12
136 Sabella pavonina LW49 2 4 5 9
137 Sagitta elegans LW49 3.08 7 6 13
138 Scrupocellaria spp. LW24 2 3 8 11
139 Semibalanus balanoides LW28 3.04 7 2 9
140 Semicytherura nigrescens LW41 2 4 2 6
141 Serpulid A LW50 2 4 8 12
142 Siriella armata LW37 3.00 7 3 10
143 Skenea serpuloides LW28 2 2 1 3
144 Spirorbis A LW31 2 3 3 6
145 Spirorbis B LW31 2 3 2 5
146 Stenothoe marina LW16 3.39 5 2 7
147 Syllidae A LW49 3.67 2 2 4
148 Syllidae B LW49 3.67 2 2 4
149 Tapes aureus LW27 2 3 3 6
150 Tectura virginia LW28 2.67 9 0 9
151 Tomopteris helgolandica LW49 3.87 3 0 3
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152 Tritaeta gibbosa LW34 2 2 1 3
153 Tryphosella sarsi LW33 2 2 0 2
154 Tubulipora liliacea LW49 2 3 1 4
155 Turbellaria A LW49 2 2 3 5
156 Typosyllis prolifera LW49 3.67 2 2 4
157 Vitreolina philippi LW51 4.84 2 1 3
158 Xestoleberis aurantia LW41 2 4 7 11
159 Algae NA 1 0 67 67
160 Bacteria NA 1 0 77 77
161 Cladocerans NA 1 0 10 10
162 CPOM NA 1 0 71 71
163 Diatoms NA 1 0 81 81
164 FPOM NA 1 0 122 122
165 Microphytobenthos NA 1 0 64 64
166 Phytoplankton NA 1 0 49 49
167 Cyprid larvae LW41 1 0 9 9
168 Hymenopteran larvae LW25 1 0 1 1
Note: the predation matrix for the food web shown in Figure 3 is available from the 
authors on request.
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Appendix C. Gut content analysis and Lough Hyne-based literature used to
construct the diet of the manipulated species and two small gobies in the study.
Table S1. Prey links for Gobius niger at Lough Hyne. N = number of G. niger
stomachs where a given prey item was found. A total of 68 individual G. niger
stomachs were examined.
Prey N
Abra alba 2
 
Acanthocardia echinata 1
 
Aequipecten opercularis 1
 
Alvania beani 1
 
Anomia ephippium 18
 
Aora gracilis 1
 
Ascidiella aspersa 13
 
Bittium reticulatum 19
 
Calanoida 1
 
Caprella acanthifera 2
 
Caprella equilibra 1
 
Caprella linearis 2
 
Cerithiopsis tubercularis 1
 
Chironomidae spp. 9
 
Chlamys varia 6
 
Circulus striatus 2
 
Clathrina coriacea 2
 
Cliona celata 1
 
Coriandria fulgida 8
 
Crassicorophium bonnellii 1
 
Crassicorophium crassicorne 9
 
Crisia denticulata 2
 
Crisia eburnea 1
 
Cumacea A 1
 
Cyclopoida 8
 
Cythere lutea 1
 
Dexamine spinosa 2
 
Dexamine thea 1
 
Dysidea fragilis 2
 
Elasmopus rapax 2
 
Epilepton clarkiae 4
 
Ericthonius brasiliensis 1
 
Ericthonius punctatus 1
 
Foraminifera A 6
 
Foraminifera B 11
 
Foraminifera F 8
 
Foraminifera G 2
 
Gobiusculus flavescens 4
 
Harpacticoida 9
 
Prey N
Hiatella arctica 9
 
Janua pagenstecheri 6
 
Lasaea rubra 1
 
Lembos websteri 4
 
Leptocheirus tricristatus 1
 
Leptochelia savignyi 2
 
Leptocythere pellucida 2
 
Loxoconcha rhomboidea 1
 
Microdeutopus anomalus 2
 
Modiolula phaseolina 11
 
Monia patelliformis 2
 
Musculus discors 12
 
Mytilus edulis 2
 
Nannastacus unguiculatus 2
 
Nematoda spp. 13
 
Nereis A 1
 
Ostracod A 2
 
Palaemon serratus 10
 
Paradoxostoma variabile 1
 
Parvicardium exiguum 1
 
Parvicardium ovale 1
 
Parvicardium scabrum 3
 
Pilumnus hirtellus 1
 
Pomatoceros lamarcki 1
 
Pomatoceros triqueter 8
 
Pomatoschistus pictus 1
 
Pontocypris mytiloides 2
 
Rissoa parva 9
 
Rissoa sarsi 11
 
Rissoella diaphana 1
 
Rissoella opalina 3
 
Sagitta elegans 2
 
Scrupocellaria spp. 15
 
Serpulid A 1
 
Spirorbis A 1
 
Tapes aureus 1
 
Tritaeta gibbosa 1
 
Xestoleberis aurantia 2
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Table S2. Prey links for Gobius paganellus at Lough Hyne. N = number of G. 
paganellus stomachs where a given prey item was found. A total of 62 individual G.
paganellus stomachs were examined.
Prey N
Abra alba 1
 
Acanthocardia echinata 1
 
Acanthocardia tuberculata 1
 
Aequipecten opercularis 4
 
Alvania beani 1
 
Alvania semistriata 1
 
Ammonicera rota 1
 
Anomia ephippium 16
 
Aora gracilis 4
 
Apseudes latreillei 1
 
Ascidiella aspersa 4
 
Bittium reticulatum 11
 
Caprella acanthifera 2
 
Caprella equilibra 1
 
Caprella linearis 2
 
Carcinus maenas 7
 
Cerithiopsis tubercularis 1
 
Chironomidae spp. 6
 
Chlamys varia 9
 
Circulus striatus 1
 
Coriandria fulgida 1
 
Crassicorophium bonnellii 2
 
Crassicorophium crassicorne 19
 
Crisia denticulata 1
 
Cyclopoida 4
 
Cyprid larvae 2
 
Cythere lutea 1
 
Dexamine spinosa 2
 
Elasmopus rapax 2
 
Epilepton clarkiae 2
 
Ericthonius brasiliensis 8
 
Ericthonius punctatus 3
 
Foraminifera A 4
 
Foraminifera B 2
 
Foraminifera G 3
 
Galathea squamifera 2
 
Gammaropsis maculata 1
 
Gammarus locusta 2
 
Gobiusculus flavescens 1
 
Harpacticoida 13
 
Hiatella arctica 8
 
Idotea A 4
 
Idotea B 1
 
Prey N
Janua pagenstecheri 6
 
Lasaea rubra 1
 
Lembos websteri 6
 
Leptochelia savignyi 1
 
Loxoconcha rhomboidea 3
 
Melita palmata 2
 
Microdeutopus anomalus 2
 
Microprotopus maculatus 2
 
Modiolula phaseolina 2
 
Monia patelliformis 1
 
Munna kroyeri 1
 
Musculus discors 10
 
Mytilus edulis 1
 
Nematoda spp. 4
 
Nereis A 5
 
Omalogyra atomus 2
 
Ophiothrix fragilis 4
 
Ostracod A 4
 
Ostracod B 1
 
Palaemon serratus 16
 
Paradoxostoma variabile 1
 
Parvicardium exiguum 1
 
Parvicardium ovale 2
 
Parvicardium scabrum 2
 
Perinereis cultrifera 1
 
Phtisica marina 1
 
Pilumnus hirtellus 4
 
Platynereis dumerilii 4
 
Pomatoceros lamarcki 2
 
Pomatoceros triqueter 4
 
Pomatoschistus pictus 2
 
Pseudoparatanais batei 2
 
Rissoa parva 13
 
Rissoa sarsi 11
 
Rissoella diaphana 2
 
Rissoella opalina 6
 
Sagitta elegans 2
 
Scrupocellaria spp. 7
 
Semicytherura nigrescens 1
 
Serpulid A 1
 
Skenea serpuloides 1
 
Spirorbis B 1
 
Xestoleberis aurantia 1
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Table S3. Prey links for Taurulus bubalis at Lough Hyne. N = number of T. bubalis
stomachs where a given prey item was found. A total of 36 individual T. bubalis
stomachs were examined.
Prey N
Anomia ephippium 2
 
Aora gracilis 1
 
Ascidiella aspersa 4
 
Boreotrophon truncatus 1
 
Buccinum undatum 2
 
Callopora lineata 1
 
Coriandria fulgida 1
 
Crassicorophium bonnellii 3
 
Crassicorophium crassicorne 11
 
Crisia denticulata 1
 
Crisia eburnea 1
 
Cyclopoida 2
 
Cyprid larvae 6
 
Dexamine spinosa 2
 
Disporella hispida 1
 
Electra pilosa 1
 
Ericthonius brasiliensis 8
 
Ericthonius punctatus 4
 
Gammarus locusta 6
 
Gammarus zaddachi 1
 
Gobiusculus flavescens 1
 
Halacarellus basteri 1
 
Harpacticoida 2
 
Hymenoptera larvae 2
 
Janua pagenstecheri 1
 
Lembos websteri 2
 
Prey N
Leptomysis lingvura 1
Microdeutopus anomalus 2
Microprotopus maculatus 1
Monia patelliformis 1
Nematoda spp. 12
Nereis A 2
Onoba semicosta 1
Ophiothrix fragilis 1
Ophiura ophiura 1
Palaemon serratus 10
Perinereis cultrifera 1
Platynereis dumerilii 8
Pomatoschistus pictus 2
Rissoa parva 1
Rissoa sarsi 4
Sabella pavonina 1
Sagitta elegans 2
Scrupocellaria spp. 2
Siriella armata 6
Syllidae A 2
Syllidae B 1
Tubulipora liliacea 4
Turbellaria A 2
Typosyllis prolifera 1
Vitreolina philippi 1
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Table S4. Prey links for Gaidropsarus mediterraneus at Lough Hyne. N = number of
G. mediterraneus stomachs where a given prey item was found. A total of 30 
individual G. mediterraneus stomachs were examined.
Prey N
Alvania beani 2
Alvania punctura 1
Amphilochus manudens 1
Apherusa bispinosa 1
Bittium reticulatum 5
Caprella acanthifera 3
Caprella linearis 1
Cerithiopsis tubercularis 2
Crassicorophium bonnellii 1
Crassicorophium crassicorne 3
Ctenolabrus rupestris *
Cyclopoida 1
Cyprid larvae 3
Dexamine spinosa 1
Dexamine thea 1
Elasmopus rapax 1
Elysia viridis 2
Epilepton clarkiae 4
Ericthonius brasiliensis 5
Ericthonius punctatus 2
Gammaropsis maculata 1
Gammarus locusta 2
Gobius niger *
Prey N
Gobius paganellus *
 
Gobiusculus flavescens 3
 
Harpacticoida 7
 
Idotea A 3
 
Idotea B 1
 
Janua pagenstecheri 2
 
Lembos websteri 1
 
Leptomysis lingvura 1
 
Lysianassa ceratina 1
 
Melita palmata 1
 
Microdeutopus anomalus 1
 
Microprotopus maculatus 1
 
Munna kroyeri 1
 
Nematoda spp. 6
 
Nereis A 3
 
Palaemon serratus 12
 
Perinereis cultrifera 1
 
Pilumnus hirtellus 2
 
Platynereis dumerilii 8
 
Pomatoschistus pictus 4
 
Siriella armata 5
 
Taurulus bubalis *
 
Turbellaria A 3
 
* Stomach content links were supplemented with personal observations of feeding 
links during sampling of the mesocosm experiments at Lough Hyne.
202
 
   
        
     
   
 
     
       
       
       
       
       
       
       
     
       
      
       
      
       
     
     
      
       
      
       
       
       
       
       
       
       
       
       
       
      
      
       
       
         
Chapter Five
Table S5. Prey links for Ctenolabrus rupestris at Lough Hyne. N = number of C. 
rupestris stomachs where a given prey item was found. A total of 48 individual C. 
rupestris stomachs were examined.
Prey N
Aequipecten opercularis 2
 
Alvania beani 1
 
Alvania semistriata 1
 
Anomia ephippium 10
 
Aora gracilis 1
 
Asterina phylactica 1
 
Bittium reticulatum 5
 
Calanoida 1
 
Carcinus maenas 1
 
Ceradocus semiserratus 1
 
Cerithiopsis tubercularis 2
 
Chlamys varia 3
 
Coriandria fulgida 1
 
Crassicorophium bonnellii 1
 
Crassicorophium crassicorne 6
 
Crisia denticulata 2
 
Crisia eburnea 1
 
Cyclopoida 3
 
Cyprid larvae 2
 
Elasmopus rapax 2
 
Ericthonius brasiliensis 1
 
Ericthonius punctatus 1
 
Foraminifera F 1
 
Foraminifera G 1
 
Galathea squamifera 1
 
Gammarus locusta 2
 
Gammarus zaddachi 1
 
Gobiusculus flavescens 1
 
Harpacticoida 8
 
Hiatella arctica 9
 
Janua pagenstecheri 2
 
Lembos websteri 3
 
Leptocheirus tricristatus 1
 
Prey N
Loxoconcha rhomboidea 1
 
Melita palmata 1
 
Microdeutopus anomalus 2
 
Modiolula phaseolina 3
 
Monia patelliformis 1
 
Musculus discors 8
 
Mytilus edulis 1
 
Nematoda spp. 3
 
Nereis A 1
 
Ophiothrix fragilis 1
 
Ophiura ophiura 1
 
Palaemon serratus 4
 
Paradoxostoma variabile 1
 
Parvicardium exiguum 1
 
Parvicardium ovale 2
 
Parvicardium scabrum 1
 
Perinereis cultrifera 1
 
Phyllodocid A 2
 
Pilumnus hirtellus 1
 
Platynereis dumerilii 5
 
Podocoryne borealis 1
 
Pomatoceros lamarcki 1
 
Pomatoceros triqueter 4
 
Pomatoschistus pictus 2
 
Rissoa parva 2
 
Rissoa sarsi 6
 
Rissoella diaphana 1
 
Rissoella opalina 3
 
Sabella pavonina 1
 
Scrupocellaria spp. 3
 
Serpulid A 1
 
Spirorbis A 1
 
Xestoleberis aurantia 2
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Table S6. Prey links for Gobiusculus flavescens at Lough Hyne. N = number of G. 
flavescens stomachs where a given prey item was found. A total of 38 individual G. 
flavescens stomachs were examined.
Prey N
Aora gracilis 2
 
Calanoida 6
 
Caprella acanthifera 1
 
Caprella equilibra 2
 
Caprella linearis 1
 
Chironomidae spp. 3
 
Coriandria fulgida 1
 
Crassicorophium bonnellii 2
 
Crassicorophium crassicorne 11
 
Cyclopoida 7
 
Cyprid larvae 34
 
Epilepton clarkiae 1
 
Ericthonius brasiliensis 4
 
Ericthonius punctatus 2
 
Harpacticoida 25
 
Lasaea rubra 1
 
Lembos websteri 4
 
Loxoconcha rhomboidea 1
 
Microdeutopus anomalus 1
 
Prey N
Modiolula phaseolina 1
 
Musculus discors 1
 
Mytilus edulis 1
 
Palaemon serratus 1
 
Paradoxostoma variabile 2
 
Parvicardium exiguum 1
 
Parvicardium ovale 2
 
Parvicardium scabrum 2
 
Phtisica marina 1
 
Pomatoceros lamarcki 1
 
Pomatoceros triqueter 3
 
Rissoa parva 3
 
Rissoa sarsi 1
 
Rissoella diaphana 1
 
Rissoella opalina 2
 
Serpulid A 1
 
Stenothoe marina 2
 
Xestoleberis aurantia 1
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Table S7. Prey links for Pomatoschistus pictus at Lough Hyne. N = number of P. 
pictus stomachs where a given prey item was found. A total of 39 individual P. 
pictus stomachs were examined.
Prey N
Abra alba 1
 
Acanthochitona crinitus 1
 
Anomia ephippium 2
 
Apseudes latreillei 1
 
Apseudes talpa 1
 
Bittium reticulatum 5
 
Calanoida 2
 
Chironomidae spp. 1
 
Coriandria fulgida 1
 
Crassicorophium crassicorne 4
 
Crisia denticulata 2
 
Crisia eburnea 1
 
Cyclopoida 4
 
Dexamine spinosa 2
 
Epilepton clarkiae 2
 
Foraminifera A 1
 
Foraminifera B 4
 
Foraminifera E 1
 
Foraminifera F 2
 
Harpacticoida 12
 
Hiatella arctica 5
 
Idotea A 1
 
Idotea B 1
 
Lasaea rubra 1
 
Loxoconcha rhomboidea 2
 
Lysianassa ceratina 1
 
Modiolula phaseolina 1
 
Munna kroyeri 1
 
Prey N
Musculus discors 4
 
Mytilus edulis 1
 
Nematoda spp. 2
 
Ophiothrix fragilis 1
 
Ophiura ophiura 1
 
Ostracod A 1
 
Palaemon serratus 2
 
Paradoxostoma variabile 1
 
Parvicardium exiguum 1
 
Parvicardium ovale 1
 
Parvicardium scabrum 1
 
Phyllodocid A 1
 
Platynereis dumerilii 1
 
Pomatoceros lamarcki 1
 
Pomatoceros triqueter 1
 
Pontocypris mytiloides 3
 
Pseudoparatanais batei 1
 
Rissoa parva 1
 
Rissoa sarsi 2
 
Rissoella diaphana 1
 
Rissoella opalina 1
 
Scrupocellaria spp. 1
 
Semicytherura nigrescens 1
 
Stenothoe marina 1
 
Tapes aureus 1
 
Turbellaria A 1
 
Xestoleberis aurantia 3
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Table S8. Prey links for Palaemon serratus at Lough Hyne. N = number of P. 
serratus stomachs where a given prey item was found. A total of 64 individual P. 
serratus stomachs were examined.
Prey N Prey N
CPOM * Melita palmata 2
 
FPOM * Modiolula phaseolina 2
 
Alvania beani 2 Munna kroyeri 2
 
Anomia ephippium 7 Musculus discors 7
 
Apseudes latreillei 6 Mytilus edulis 1
 
Bittium reticulatum 35 Nematoda spp. 2
 
Cerithiopsis tubercularis 1 Parvicardium ovale 2
 
Chironomidae spp. 19 Parvicardium scabrum 1
 
Circulus striatus 2 Perinereis cultrifera 2
 
Coriandria fulgida 12 Pilumnus hirtellus 3
 
Crassicorophium crassicorne 3 Platynereis dumerili 33
 
Crisia denticulata 2 Pomatoschistus pictus 1
 
Cyclopoida 7 Pontocypris mytiloides 3
 
Exogone gemmifera 2 Pseudoparatanais batei 4
 
Foraminifera A 2 Rissoa parva 6
 
Foraminifera B 1 Rissoa sarsi 4
 
Gobiusculus flavescens 2 Rissoella diaphana 1
 
Harpacticoida 18 Rissoella opalina 1
 
Hiatella arctica 4 Sagitta elegans 3
 
Idotea B 9 Scrupocellaria spp. 2
 
Leptochelia savignyi 3 Siriella armata 2
 
Loxoconcha rhomboidea 2 Xestoleberis aurantia 4
 
* Stomach content links were supplemented with personal observations of feeding 
links during sampling of the mesocosm experiments at Lough Hyne.
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Table S9. Prey links for Necora puber at Lough Hyne. N = number of N. puber
stomachs where a given prey item was found. A total of 36 individual N. puber
stomachs were examined. Stomach content links were supplemented with literature
links from studies carried out at Lough Hyne. The references for these literature links
are provided towards the end of this appendix.
Prey N Literature
Algae 24
CPOM (7)
Acanthocardia echinata 1
Aequipecten opercularis 1
Anomia ephippium 7
Carcinus maenas 2
Cerastoderma edule 1
Chlamys varia (6)
Foraminifera B 2
Gibbula umbilicalis (5, 6)
Hiatella arctica 6
Marthasterias glacialis (6)
Modiolula phaseolina 2
Monia patelliformis 1
Musculus discors 8
Mytilus edulis (2, 4)
Palaemon serratus 2
Paracentrotus lividus 1
Parvicardium exiguum 2
Parvicardium ovale 3
Parvicardium scabrum 6
Pilumnus hirtellus 1
Pomatoceros lamarcki 2
Pomatoceros triqueter 4
Serpulid A 1
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Table S10. Prey links for Carcinus maenas at Lough Hyne. N = number of C.
maenas stomachs where a given prey item was found. A total of 39 individual C.
maenas stomachs were examined. Stomach content links were supplemented with 
literature links from studies carried out at Lough Hyne. The references for these
literature links are provided towards the end of this appendix.
Prey N Literature
Algae 16
 
CPOM (7)
 
Gibbula umbilicalis (6)
 
Marthasterias glacialis (10)
 
Mytilus edulis (2, 4)
 
Paracentrotus lividus (6)
 
Acanthocardia tuberculata 1
 
Anomia ephippium 6
 
Asterina phylactica 1
 
Coriandria fulgida 1
 
Emarginula fissura 1
 
Foraminifera A 2
 
Foraminifera C 1
 
Foraminifera F 1
 
Hiatella arctica 2
 
Loxoconcha rhomboidea 2
 
Melita palmata 3
 
Modiolula phaseolina 4
 
Monia patelliformis 1
 
Musculus discors 5
 
Ostracod A 1
 
Palaemon serratus 4
 
Paradoxostoma variabile 1
 
Parvicardium exiguum 2
 
Parvicardium ovale 4
 
Parvicardium scabrum 4
 
Pomatoceros lamarcki 1
 
Pomatoceros triqueter 4
 
Rissoa parva 3
 
Rissoa sarsi 3
 
Rissoella opalina 1
 
Semibalanus balanoides 2
 
Serpulid A 1
 
Xestoleberis aurantia 2
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Table S11. Prey links for Marthasterias glacialis at Lough Hyne. The diet of M. 
glacialis is entirely constructed from literature links from studies carried out at 
Lough Hyne. The references for these literature links are provided towards the end of
this appendix.
Prey Literature
CPOM (7)
Aequipecten opercularis (7)
Anomia ephippium (1, 5, 6, 8, 10)
Asterina phylactica (8)
Bittium reticulatum (7)
Carcinus maenas (8, 10)
Cerithiopsis tubercularis (8)
Chlamys varia (5, 6, 8)
Gibbula umbilicalis (1, 8)
Gobiusculus flavescens (7)
Modiolula phaseolina (7)
Monia patelliformis (7)
Musculus discors (7)
Mytilus edulis (4, 8)
Necora puber (8, 10)
Ophiothrix fragilis (8)
Ophiura ophiura (7)
Paracentrotus lividus (5, 8-10)
Pilumnus hirtellus (7)
Pomatoceros lamarcki (8, 10)
Pomatoceros triqueter (8, 10)
Pomatoschistus pictus (7)
Semibalanus balanoides (8, 10)
Serpulid A (8)
Tapes aureus (8, 10)
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Table S12. Prey links for Paracentrotus lividus at Lough Hyne. The diet of P. 
lividus is entirely constructed from literature links from studies carried out at Lough
Hyne. The references for these literature links are provided towards the end of this 
appendix.
Prey Literature
Algae (3, 5)
 
Microphytobenthos (3, 5)
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Appendix D: Table S1. Sources of literature-based prey links for the food web
shown in Figure 3.
Taxa Feeding mode References
Abra alba Susp. feeder; deposit feeder (6, 7, 13, 54, 59, 119, 179, 181, 195)
 
Acanthocardia echinata Suspension feeder (117, 119, 206)
 
Acanthocardia tuberculata Suspension feeder (119, 181, 199, 212)
 
Acanthochitona crinitus Grazer; deposit feeder (26)
 
Aequipecten opercularis Suspension feeder (59, 103, 117, 128, 205, 206)
 
Alvania beani Detritivore (85, 120)
 
Alvania punctura Detritivore (76, 85)
 
Alvania semistriata Detritivore (9, 85)
 
Ammonicera rota Grazer (85, 181)
 
Amphilochus manudens Commensal; deposit feeder (41, 61, 160)
 
Anomia ephippium Suspension feeder (31, 59, 119, 181)
 
Aora gracilis Tube feeder (58, 202)
 
Apherusa bispinosa Grazer; deposit feeder (30, 111, 160, 171, 188, 218)
 
Apseudes latreillei Suspension feeder; scavenger (25, 56, 60, 86, 99, 111, 121, 160)
 
Apseudes talpa Suspension feeder; scavenger (25, 56, 60, 99, 111, 121, 160)
 
Ascidiella aspersa Suspension feeder (96, 103, 140, 165, 174, 206)
 
Asterina phylactica Omnivore; scavenger (47, 63)
 
Bittium reticulatum Grazer; deposit feeder (27, 59, 66, 70, 85, 119, 120, 146, 181, 182)
 
Boreotrophon truncatus Deposit feeder; carnivore (85)
 
Buccinum undatum Scavenger; carnivore (85, 86, 90, 97, 156, 160, 173, 187, 201, 206)
 
Calanoida Grazer; susp. feeder; carnivore (30, 115, 116, 135, 136, 138, 144, 209, 210)
 
Callopora lineata Suspension feeder (93)
 
Caprella acanthifera Scavenger (scraper) (36, 88, 89)
 
Caprella equilibra Grazer; scavenger; carnivore (3, 88, 89, 114)
 
Caprella linearis Detritivore (1, 89)
 
Ceradocus semiserratus Detritivore (159)
 
Cerastoderma edule Suspension feeder (34, 92, 113, 117, 127, 128)
 
Cerithiopsis tubercularis Deposit feeder (70, 75, 146, 181)
 
Chironomidae spp. Grazer (81, 132, 178)
 
Chlamys varia Suspension feeder (19, 86, 119, 181)
 
Circulus striatus Grazer; scavenger (71, 85)
 
Clathrina coriacea Suspension feeder (24)
 
Cliona celata Suspension feeder (103)
 
Coriandria fulgida Detritivore (85)
 
Crassicorophium bonnellii Tube feeder (46, 58, 64, 67, 190, 191)
 
Crassicorophium crassicorne Tube feeder (46, 58, 67, 160, 190, 191)
 
Crisia denticulata Suspension feeder (94, 157, 160, 176)
 
Crisia eburnea Suspension feeder (94, 157, 176)
 
Cumacea A Grazer; deposit feeder (25, 55, 57, 68, 161)
 
Cuthona sp. Carnivore (141)
 
Cyclopoida Grazer; susp. feeder; carnivore (115, 116, 135, 144, 209, 210)
 
Cyprid larvae Non-feeding larval stage (106)
 
Cythere lutea Grazer; deposit feeder (10, 144)
 
Dexamine spinosa Grazer (87, 196)
 
Dexamine thea Grazer (87, 160, 196)
 
Disporella hispida Suspension feeder (94, 157, 176)
 
Dysidea fragilis Suspension feeder (86)
 
Elasmopus rapax Detritivore (62, 114, 152, 160, 227)
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Electra pilosa Suspension feeder (22, 23, 93, 107, 163, 176)
 
Elysia viridis Grazer (77, 108, 141, 223)
 
Emarginula fissura Grazer; scavenger; carnivore (59, 83, 85, 86)
 
Epilepton clarkiae Suspension feeder (84, 109)
 
Epitonium clathrus Parasite (8, 85, 160, 169, 177)
 
Ericthonius brasiliensis Tube feeder (58, 61, 101, 160, 226)
 
Ericthonius punctatus Tube feeder (29, 58, 101)
 
Eubranchus farrani Carnivore (119, 141)
 
Exogone gemmifera Grazer; Deposit feeder (65, 153, 175)
 
Foraminifera A Deposit feeder (12, 147, 148, 161, 184, 197, 215)
 
Foraminifera B Deposit feeder (12, 147, 148, 161, 184, 197, 215)
 
Foraminifera C Deposit feeder (12, 147, 148, 161, 184, 197, 215)
 
Foraminifera D Deposit feeder (12, 147, 148, 161, 184, 197, 215)
 
Foraminifera E Deposit feeder (12, 147, 148, 161, 184, 197, 215)
 
Foraminifera F Deposit feeder (12, 147, 148, 161, 184, 197, 215)
 
Foraminifera G Deposit feeder (12, 147, 148, 161, 184, 197, 215)
 
Galathea squamifera Deposit feeder; carnivore (53, 155, 162, 183)
 
Gammaropsis maculata Deposit feeder (58, 64, 160)
 
Gammarus locusta Grazer; deposit feeder (61, 87, 160, 171, 192, 227)
 
Gammarus zaddachi Grazer; deposit feeder (61, 87, 160, 171, 192, 227)
 
Gastropod A Deposit feeder (158)
 
Gibbula umbilicalis Grazer; deposit feeder (85, 105, 119, 160, 172)
 
Halacarellus basteri Scavenger (17, 133)
 
Harpacticoida Grazer; suspension feeder (135, 144, 209, 210)
 
Hiatella arctica Suspension feeder (2, 59, 86, 119, 181)
 
Hydrozoa Carnivore (42, 44, 142)
 
Hymenopteran larvae Possible terrestrial input
 
Iothia fulva Detritivore (85)
 
Idotea A Grazer; scavenger; carnivore (80, 112, 143, 150, 151, 159, 172, 189)
 
Idotea B Grazer; scavenger; carnivore (80, 112, 143, 150, 151, 159, 189)
 
Janua pagenstecheri Suspension feeder (51, 65, 159, 164, 224)
 
Lasaea rubra Suspension feeder (14, 139, 145)
 
Lembos websteri Tube feeder (58, 67, 190, 191, 227)
 
Leptocheirus tricristatus Tube feeder (58, 82, 160)
 
Leptochelia savignyi Grazer; deposit feeder (25, 56, 60, 99, 111, 121, 130, 160)
 
Leptocythere pellucida Grazer; deposit feeder (10)
 
Leptomysis lingvura Deposit feeder (48, 118, 137, 200)
 
Loxoconcha rhomboidea Grazer; deposit feeder (10, 11, 144)
 
Lysianassa ceratina Scavenger; deposit feeder (43, 86)
 
Macoma balthica Susp. feeder; deposit feeder (28, 35, 102, 113, 127)
 
Melita palmata Grazer; deposit feeder (43, 143, 189, 227)
 
Microdeutopus anomalus Tube feeder (58, 95, 110, 160)
 
Microprotopus maculatus Grazer; scavenger; carnivore (186)
 
Modiolula phaseolina Suspension feeder (34, 129, 149, 159, 172, 222)
 
Monia patelliformis Suspension feeder (31, 59, 159, 181)
 
Munna kroyeri Grazer; deposit feeder (80, 112, 122, 143, 150, 151, 161, 189)
 
Musculus discors Suspension feeder (2, 119, 125, 159)
 
Mytilus edulis Suspension feeder (19, 49, 92, 113, 117, 214)
 
Nannastacus unguiculatus Grazer; deposit feeder (25, 55, 57, 68, 160)
 
Nematoda spp. Deposit feeder (32, 104, 144, 170)
 
Nereis sp. Grazer; scavenger; carnivore (16, 78, 79)
 
Odostomia plicata Parasite (72, 85, 181)
 
Omalogyra atomus Pendulum feeder (69, 70, 85)
 
Onoba semicosta Grazer; deposit feeder (85)
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Ophiothrix fragilis Grazer; suspension feeder (4, 50, 180, 206, 213, 217)
 
Ophiura ophiura Grazer; scavenger; carnivore (162, 173, 206, 211)
 
Ostracod A Grazer; deposit feeder (10, 38, 144, 158)
 
Ostracod B Grazer; deposit feeder (10, 38, 144, 158)
 
Ostracod C Grazer; deposit feeder (10, 38, 144, 158)
 
Paradoxostoma variabile Grazer; deposit feeder (10, 100, 144)
 
Parvicardium exiguum Suspension feeder (119, 181)
 
Parvicardium ovale Suspension feeder (119, 127, 160, 181)
 
Parvicardium scabrum Suspension feeder (119, 181)
 
Perinereis cultrifera Grazer; scavenger (16, 39, 65, 79, 225)
 
Phtisica marina Scavenger; carnivore (29, 36, 45, 88, 89)
 
Phyllodocidae sp. Scavenger; carnivore (16, 65, 78, 168, 175)
 
Pilumnus hirtellus Grazer; scavenger; carnivore (86, 123, 131, 162, 172)
 
Platynereis dumerilii Grazer; scavenger; carnivore (16, 51, 65, 79, 103, 175)
 
Pomatoceros lamarcki Suspension feeder (65, 103, 160, 164, 168, 224)
 
Pomatoceros triqueter Suspension feeder (65, 103, 160, 164, 168, 224)
 
Pontocypris mytiloides Grazer; deposit feeder (10, 144)
 
Pseudoparatanais batei Grazer; deposit feeder (25, 56, 60, 99, 111, 121, 160)
 
Retusa truncatula Carnivore (20, 40, 119, 134, 160, 193)
 
Rissoa parva Grazer; detritivore (73, 74, 76, 85, 172, 221)
 
Rissoa sarsi Grazer; detritivore (73, 74, 76, 85)
 
Rissoella diaphana Grazer; deposit feeder (69, 70, 74, 85, 181)
 
Rissoella opalina Grazer; deposit feeder (69, 70, 74, 85)
 
Sabella pavonina Suspension feeder (16, 51, 65, 78, 103, 154)
 
Sagitta elegans Suspension feeder; carnivore (5, 18, 33, 167, 194, 198, 203, 204, 207)
 
Scrupocellaria spp. Suspension feeder (93, 176)
 
Semibalanus balanoides Suspension feeder (15, 21, 124, 185, 208)
 
Semicytherura nigrescens Grazer; deposit feeder (10, 219)
 
Serpulid A Suspension feeder (51, 65, 103, 160, 164, 168, 224)
 
Siriella armata Carnivore (52, 98, 118, 137, 200)
 
Skenea serpuloides Detritivore (85)
 
Spirorbis A Suspension feeder (51, 65, 160, 164, 224)
 
Spirorbis B Suspension feeder (51, 65, 160, 164, 224)
 
Stenothoe marina Commensal; susp. feeder (29, 41, 159)
 
Syllidae A Grazer; scavenger; carnivore (16, 51, 65, 153)
 
Syllidae B Grazer; scavenger; carnivore (16, 51, 65, 153)
 
Tapes aureus Suspension feeder (84, 127, 160)
 
Tectura virginea Grazer; scavenger; carnivore (85)
 
Tomopteris helgolandica Scavenger; carnivore (65, 91, 126)
 
Tritaeta gibbosa Grazer (87, 159, 166, 196)
 
Tryphosella sarsi Scavenger; deposit feeder (43, 64, 86, 159)
 
Tubulipora liliacea Suspension feeder (94, 157, 176)
 
Turbellaria A Scavenger (32, 104)
 
Typosyllis prolifera Grazer; scavenger; carnivore (16, 51, 65, 153)
 
Vitreolina philippi Parasite (37, 85, 181, 216)
 
Xestoleberis aurantia Grazer; deposit feeder (10, 144, 220)
 
Algae Basal resource
 
Bacteria Basal resource
 
Cladocerans Basal resource
 
CPOM Basal resource
 
Diatoms Basal resource
 
FPOM Basal resource
 
Microphytobenthos Basal resource
 
Phytoplankton Basal resource
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Appendix E. Details of the 144 mesocosm food webs described in the study.
Figure S1. Replicate food webs for the W+ S+ treatment.
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Table S1i. Species present in each of the food webs shown in Figure S1 above (grey
squares indicate species presence in a web; white squares indicate species absence
from a web).
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Table S1ii. Table S1 continued.
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Figure S2. Replicate food webs for the W-2 S+ treatment.
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Table S2i. Species present in each of the food webs shown in Figure S1 above (grey
squares indicate species presence in a web; white squares indicate species absence
from a web).
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Table S2ii. Table S2 continued.
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Figure S3. Replicate food webs for the W-3 S+ treatment.
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Table S3i. Species present in each of the food webs shown in Figure S1 above (grey
squares indicate species presence in a web; white squares indicate species absence
from a web).
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Table S3ii. Table S3 continued.
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Figure S4. Replicate food webs for the W+ S-2 treatment.
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Table S4i. Species present in each of the food webs shown in Figure S1 above (grey
squares indicate species presence in a web; white squares indicate species absence
from a web).
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Table S4ii. Table S4 continued.
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Figure S5. Replicate food webs for the W+ S-3 treatment.
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Table S5i. Species present in each of the food webs shown in Figure S1 above (grey
squares indicate species presence in a web; white squares indicate species absence
from a web).
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Table S5ii. Table S5 continued.
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S-Figure S6. Replicate food webs for the W - treatment.
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Table S6i. Species present in each of the food webs shown in Figure S1 above (grey
squares indicate species presence in a web; white squares indicate species absence
from a web).
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Table S6ii. Table S6 continued.
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Chapter Five
Appendix F: Table S1i. List of species comprising each of the composite webs 
shown in Figure 4. The trophic height (TH) and number of trophic links (TL) for
each species is also provided.
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